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SUMMARY

The Universal Infantry Weapon Trainer (UIWT), is an electro-optic
based, microcomputer controlled, training device that enables tactical
infantry weapons training with an M-16 rifle and 16mm motion picture
projectors which simulate a high stress battlefield environment. In a
short period of time a trainee can be subjected to a large variety of
combat situations where each trainee's performance is analyzed in real-
time and immediate feedback is given to both the trainees and instruc-
tor. Combat scenarios can be changed to fit any potential battlefield
requirement. Prototype models were constructed by the Research and
Technology Department, NTEC, Orlando, Florida for both the U.S. Marine
Corps and PM TRADE. These models were successfully tested at Camp
Lejeune, North Carolina by the U.S. Marine Corps and by the U.S. Army
Infantry Board (USAIB) for the Directorate of Training Developments,
U.S. Army Infantry School, Fort Benning, Georgia. It was stated that
the tests did give some evidence of the UIWT system's potential for
training transfer (Ref. 9). Furthermore, enlisted men, snipers and a
variety of General, Field and Company grade officers who fired and ob-
served the UIWT stated that it was a valuable training tool (Ref. 8).

U.S. Marine Corps and PM TRADE sponsored work is continuing on this
program to develop the capability to add other weapons i.e., Dragon, LAW,
M-60 macine gun, etc.

The authors wish to thank the Acquisition Sponsors Project Officer,
Major E. Hutchinson and Lt. Col. R. F. Zumbado, formerly Assistant Marine
Corps Liaison Officer, for their aid and valuable suggestions.
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SECTION I
INTRODUCTION

The Universal Infantry Weapons Trainer (UIWT) is an electro-optic based,
microcomputer controlled, training device that enables tactical infantry
weapons training with an M-16 rifle, under a simulated high stress battle-
field environment. 1In a short period of time a trainee can be subjected to
a large variety of combat situations where each trainee's performance is
analyzed in realtime, and immediate feedback is given to both the trainees
and instructor. Combat scenarios can be changed to fit any potential bat-
tlefield requirement. An artist's concept of the trainer is shown in

Figure I-1.

Figure I-1. Artist's Concept

This training device provides the trainees or instructor the follow-
ing simulated weapons effects and feedback information:

. Weapon recoil
° Weapon bang
° Magazine action

° Automati: or single shot simulation




RS

Lead and e'evation if applicabie, is programmed in the system

Real-time ‘ndividua! audio scoring feedback, using computer gen-
erated voice, via a headset

Trainee feedback data displayed in columns on 1V type monitor
for instructor observation

Reaction time

Movement of weapon relative to correct kill zone is observed
by instructor ard recorded for playback.

Lowest performer indicated to instructor

Identification of trainee responsible for shooting with no tar-
get present

Built-in self-check features
Score determined

Hardcopy of scoring results
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SECTION I1
SYSTEM DESCRIPTION

This section of the report describes the system. Details of the
system design are included in Section I1II.

The system utilizes two motion picture projectors: a visual and an
infrared (IR) target spot projector (see Figure II-1). The visual pro-
jector displays the battle scene including the visual targets. The infra-
red projector provides invisible infrared target areas at which the weapon
must be aimed in order to score a hit. Lead is programmed into the infra-
red target film, which the weapon receiver detects, requiring the trainee
to lead the target as necessary. Figure II-1 shows the visual target on
the left and the infrared target on the right indicating that the target

is moving to the right.

Each trainee has a simulated M-16 rifie with an attached infrared (IR)
receiver. The IR detector is a four-quadrant photodiode. The four-quad-
rant target information and microcomputer logic determines kills, eight
areas of near misses, and total misses. The regions of near miss include
high, Tow, left, right, high right, high left, low left, and low right.

INSTRUCTOR STATION
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Figure II-1. System Block Diagram




When the trainee fires the weapon he hears a simulated bang and feels
a recoil. Recoil is generated by a short pulse of air released near the
front sight which drives the weapon high and to the right. An 8080 based
microcomputer determines where the round would have hit using the detector's
quadrant data and supplies this information to both a computer generated
voice unit and a CRT display on the instructor's console. The computer
voice unit drives both the trainee and instructor headsets. When a target
appears on the screen, the IR projector outputs a target present signal
from the magnetic audio stripe on the film. This signal starts a clock in
the microcomputer which measures the time until the trainee fires, or effec-
tively his reaction time. The target present signal is also used to deter-
mine the number of targets that appeared, targets ignored, targets shot at
and if the trainee fired when no target was present. Trainee results are
continuously displayed in columns on a CRT display on the instructor's sta-
tion. At the completion of the exercise, the results, analyzes and response
time are printed by a terminal at the instructor's station.

Distribution of fire can be monitored using a gallium arsenide laser
infrared source located in the flash hider part of the rifle. The projected
IR Taser spot is invisible to the trainee but is detected by an infrared
television camera and displayed by a CRT located on the instructor's console
as shown in Figure I1I-1. When the rifle is fired the IR spot projector
illuminates the screen with a small IR spot. If the instructor wants to con-
tinuously monitor rifle motion the IR aiming spot is left on continuously
and the laser spot brightens when the trainee shoots. The TV camera
data can also be recorded for playback during debrief.

Figure II-2 shows the rifle electronics and two projected targets.
Discrimination of the infrared targets is enhanced by projecting the IR
targets at frequencies different from the visual scene signals and amplify-
ing the infrared targets. The motion picture projectors have also been
modified to incorporate hot and cold mirrors, whose function will be de-
scribed.

TRAINEE HEADSET

COMPUTER GENERATED VOICE
BANG
FLM AUDIO

INSTRUCTOR COMMANDS
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Figure II-2. Rifle Electronics Block Diagram
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The visual projector contains a hot mirror. This multilayer dielectric
mirror reflects or removes most of the infrared above 750 nanometer from }
the visual scene. The infrared projector contains a cold mirror. The cold :
mirror reflects the visual energy and passes the infrared energy above 750
nanometers. This allows a weapon equipped with an infrared receiver to ig-
nore the visual data and obtain its target data from the infrared projector.

The S/N ratio of the system is further improved by using two different
projector chopper frequencies. In the visual projector the chopper is a
two bladed equally divided shutter. In the IR projector the chopper is a
four bladed shutter. The visual scene is chopped or shuttered at a frequency
of 48 Hz; the IR data is shuttered at a frequency of 96 Hz. By using two
different chopping frequencies active filters in the weapons IR receiver
can be tuned to detect the infrared target spot and ignore the visual bat-
tle scene. The projectors are frame locked together synchronously.

The rifle uses an IR detector consisting of a lens and a four-quadrant
photy diode detector to detect infrared targets. An infrared filter is
utilized in the weapon optical system to reduce the visual signal effect on
the photo detector. The photo detector signals are amplified by two bi-FET
operational amplifiers. A voltage comparator sets a threshold to establish
a digital "one" or "zero". The voltage reference level of the comparator
can be set to adjust the level of difficulty. The voltage comparator data
is latched and delivered as input to the microcomputer system for data anal-
ysis, display and feedback.

The rifle can operate in either a single-shot or automatic mode and
requires the trainee to reload after he has fired thirty rounds. The rifle's
simulated magazine contains a capacitor. When the magazine is inserted into
the rifle this internal capacitor is discharged, which resets a counter.

Bang simulation is achieved by filtering a noise source and then pro-
ducing a noise envelope with.a sharp rise time and exponential decay.

The training rifle is shown in Figure II-3. The four-quadrant detector
is located on top of the barrel and the flash hider contains a gallium ar-
senide IR Taser. The rifle is a replica but contains real sights that are
adjustable. The plastic hose shown attached to the rifle, Figure II-3, is
used to carry the air for recoil.

The instructor's console is shown in Figure II-4. The right hand CRT
displays the verbal data transmitted to each trainee in four columns. The
lowest score is automatically flagged by a LED under the applicable trainees
column. This alerts the instructor so he can more closely observe that
trainee. The Teft hand side of the console contains a CRT display used to
monitor the weapon motion. Communication to the microcomputer is via a
terminal shown in front of the instructor. See Appendix E for description
of the switches on the console.




Figure 11-3.

Figure 11-4,

M-16 Training Rifle

Instructor's Console
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Figure 1I-5. Trainees Firing at Screen

Figure 11-6. synchronized Visual and IR Projectors
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Fiqure II1-5 shows the trainees firing at the screen. Note each
trainee wears a headset for individual feedback.

Figure 11-6 shows the projectors. Loopers (a closed-loop film strip)
are used so rewinding is not necessary. An auto-stop/auto-align feature
is visible near the loopers.

The computer voice system is a solid state communications processor.
It operates as a standard data terminal to the host 80/20 microcomputer
system. The vocabulary has been digitized and stored in nonvolatile mem-
ory (PROM). The system contains thirty-two individually addressable words
and five independent output channels. Thus, the computer voice system can
talk to any or all of the five trainees while saying the same or different
words or phrases. Each trainee wears a headset so he hears only the feed-
back applicable to his performance.

The system is controlled by a modified Intel 80/20 microcomputer sys-
tem.

Section III, next, describes the system design.
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SECTION III
SYSTEM DESIGN
A.  PROJECTORS

The motion picture projectors are two Hokuskin, 16mm sound projectors
equipped for frame-for-frame sync. The lamp is a 500 watt Xenon-arc, type
KXL-500H. One projector is used as an IR target spot projector. The IR
projector uses a cold mirror to remove the visual energy, Melles Griot,
03MHGDO7. The transmittance of the hot and cold mirrors are shown in Fig-
ure III-1.

Loopers are utilized instead of reels to eliminate the necessity of
rewinding the film.
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Figure III-1. Transmittance of Hot and Cold Mirrors

The projectors are equipped for either optical or magnetic sound re-
production. Sound for the battle scene is recorded for optical pickup on
the visual projector.

Target present signals are recorded on the magnetic stripe of the IR
film. The target present signal is a 1 KHz audio tone, which is decoded
by an electronic tone decoder, Figure 111-2.

The battle scene film was both taken and projected using a 25mm focal
length lens to minimize perspective distortion.

The IR projector has a modified four bladed shutter which chops the
IR data at a frequency of 96 Hz. The visual projector has a conventional
two bladed chopper which chops the visual scene at 48 Hz.
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The projectors are equipped with an auto-stop feature which allows
the filn to be stopped at any desired location by simply placing a foil
metal s:rip on the desired stop location.

The screen is silver matte, 9 ft x 12 ft overall.
B. RIF_E ELECTRONICS

The rifle electronics detect the IR target spot, ampliifies, discrim-
inates aid provides digital data to the 8080 based microcomputer.

The detector optics is a single element double convex lens, with a
diameter of 29mm and focal length of 114mm.

The IR detector is a four-quadrant silicon ptotodiode. This device
consists of four discrete elements on a single sutstrate with an active
output lead from each element. When the weapon i< aimed properly the in-
frared target spot is centered on the detector and the output current from
each quadrant is equal. As the rifle is moved the currents change as a
function of the location of the infrared target spot on the detector. Im-
balance in the current indicates off-center position. The detector has an

_ active area of 0.05" x 0.05" per element with a gap of 0.005" between ele-

ments. The detector physical geometry and spectral response is shown in
Figure III-3.

s
_ s
E R
3, L ACTIVE
. AREA
i / \ » GEH 0.06" x 0.05*
; .240 PER
E eLoENT
£ A
o
¢ \ =
S
0

200 300 400 00 60C 700 B80C 00 1000 1100
WAVELENGTH (NANOMETERS )

Figure III-3. Photo Detector Spectral Response and Geometry

The field of view of the IR detector is approximately seven inches on
the screen,

The currents from the diode are input to an operational amplifier,
TLO82. The photo diode detector is basically a current source with an
output impedance which is very large. The first stage of the current-to-
voltage converter presents almost zero load impedance to ground because
the inverting input appears as a virtual ground. The input current from
the diode flows through the two Megohm feedback rasistor, generating an
output voltage.
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voltage = ig Rs
out
where
Rp = 2 Megohm
ig = detector current

A separate channel is used for each of the four quadrants. The out-
put from the current-to-voltage amplifier goes to a noninverting amplifier
with a gain of 23. This stage is also part of the TLO82. The electronics
described above is located on Board #1, Pre-Amp. (Figure 111-4)

Input signals to the active filter are 48 Hz from the visual scene,
96 Hz from the IR target spot and any extraneous light. The active filter
is used to pass and amplify the desired IR signal at 96 Hz and reject all
other signals.

The UAF - 41 is a two pole active filter. It uses three operational
amplifiers in a double integrator feedback loop to generate two conjugate
poles. Location of the poles in the complex plane, and thus the natural
frequency and Q are determined by external resistors.

The equivalent configuration of this band pass filter is shown in Fig-
ure III-5. The filter is designed for a 96 Hz center frequency with both
a Q and gain of 50.

Figure III-5. Bi-Quad Active Filter

Both the active filters and voltage comparators are located on Board
#2, Figure III-€. The output of the active filter is a sine wave with a
frequency of 96 Hz. The output sine wave goes positive and negative about
a zero volt reference level. This output is clamped and fed to a voltage
comparator. The voltage comparator changes the analog detector signal to
a digital signal. The input signal level for a one or zero is determined
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bv a rosistor or reference voltage setting. Each of the four voltage com-
parator channels has its own reference voltage setting resistor, i.e., R33,
R34, R35, and R36. The reference voltage setting controls the degree of

d fficulty in hitting a target. The detector signals next go to IC1, a
7408 AND gate, Board #3, Figure II1I-7. If the trainee pulls the rifle
trigger and has rounds remaining in his magazine, the NAND gate is enabied
by an input from Board #4. Board #4 is shown in Figure III-8. 1IC2 and
IC3, Board #3 are 9024 JK flip flops configured as latches. Each 9024 has
two latches. The 9024 is reset by the microprocessor after it has accepted
the four-quadrant IR target spot data. IC4, Board #3 is a line driver.

Board #5, Figure II1-9, is connected to the rifle trigger. ICl, a
5437, containing NAND gates, debounces the trigger and applies 5 volts to
I(3. 1C3, a timer, provides pulses of 12 Hz, which is the firing rate of
the weapon. A one shot is also triggered and provides a single pulse.

The output of Board #5 is determined by the setting of the single or auto
fire switch on the simulated weapon. The setting of auto or single shot
determines which gate on IC1 is active. If the trainee is in auto fire
pulses at 12 Hz are provided Board #2. IC3 on Board #4 has a gate which
will pass the signal if the counters ICl1, IC2 on Board #4 indicate rounds
are left. The counter enables IC1 on Board #3 and also enables the data
ready pulse provided by 1C4 on Board #4 to the microprocessor. IC4 is a
one shot which generates a 10 usec data ready pulse for the microprocessor
to indicate data is available. After the microprocessor has read the data
it resets the latches; IC2 on Board #3.

The one shot IC6, Board #4, Figure III-8, is used to reset the counters.
The dummy magazine contains a capacitor. In the "loaded” configuration the
capacitor is charged to 5 volts. The magazines are easily loaded or charged
by momentarily inserting them into a charging fixture.

When the dummy magazine or capcitor is inserted in the rifle it dis-
charges through R4, providing the counter reset voltage. The magazine is
reloaded by charging the capacitor in the magazine to 5 volts.

C. COMPUTER VOICE AND AUDIO SYSTEM

The Computer Voice System is a Business Communicator Model LVM-70 manu-
factured by VOTRAX, the Vocal Interface Division of Federal Screw Works,
Troy, Michigan. The LVM-70 was designed specifically to be used as a con-
centrator for touch-tone based information systems.

Up to 32 words (16 seconds) are available with up to eight audio out-
put channels. The trainer utilizes an output channel for each trainer.
When a shot is fired by a trainee the host computer (80/20) decodes the in-
coming rifle data and then sends three bytes of serial data to the LYM-70
specifying a start word, a trainee identification word, and the appropriate
voice response code. The voice output line for each trainee is routed to
the trainees audio mixer/amplifier, Board #6, Figure II1-10, as well as the
instructor's control panel.

The LVM-70 voice communicator can be replaced in later models for rough-
ly 1/4 the original cost, due to technological advances.
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Each trainee's audio system consists of two stages of audio amplifi-
cation. A Texas Instrument's TLO74 low noise, quad, dual operational amp-
lifier, ICI, is used. Consequently, two trainees are handled by a single
TLO74 (Figure I11-10). The first stage of amplification is primarily an
audio mixer. Five independent channels are mixed into one. These five
channels consist of the computer voice feedback system, the instructor com-
munication line, the synthetic rifle bang, coordinated battlefield sounds
and general battlefield environment sounds. The instructor uses an identi-
cal mixer/amplifier channel but his inputs consist of the various computer
voice responses to the trainees. The instructor selects which trainee he
desires to hear by pushing the appropriate switch on the instructor control
panel.

Each of the five inputs to the mixer stage as well as the final output
stage have their own volume control.

D.  BANG AND RECOIL SYSTEM
1.  BANG SYSTEM

An electronic bang is presented to the trainee via his headset when he
has fired a shot. The bang board, Board #8, Figure III-11, produces the
synthetic gunshot sound and passes this sound to the trainees audio mixer/
amplifier Board #6, Figure III-10. The bang is produced by generating ran-
dom noise, due to diode D1 being biased near its breakdown voltage, and then
using the FET to generate an envelope for this random noise. This envelope
consists of a sharp rise time and an exponential decay which corresponds
closely to a gun shot noise envelope. Specifically, the diode DI produces
random noise which is amplified by 1/2 of ICl, a dual operational amplifier.
This amplified random noise is presented to the drain of the FET. The FET
does not pass this noise until its gate is presented the sharp rise and ex-
ponential decay envelop representing an actual rifle shot sound envelope.
The sharp rise of voltage on the gate of the FET is produced by IC2 changing
to a high state; 5 volts. When IC2 changes back to a low state, § volts,
the diode D2 isolates the gate of the FET from being pulled down to an off
state and allows the RC network consisting of R6, R12, and C7 to exponen-
tially decay the residual voltage thus producing decaying gunshot envelope
of noise. The source of the FET thus produces on demand random filtered
noise within an envelope resembling a gunshot bang. The second haif of IC1,
an operational amplifier, produces final amplification of this sound before
passing the output to the students audio mixer/amplifier.

2. RECOIL SYSTEM

The recoil system consists of three major parts: air hose, recoil
board, and the air valve.

The air hose follows the electrical cable up to the rifle and into the
butt of the weapon. The hose is a lightweight, nylon reinforced, dimention-
ally stable air line hose. After entering the butt of the rifle it runs
forward and attaches to the rifle barrel. The barrel is plugged at the tip
end and an outlet orifice has been drilled on the bottom of the barrel near
the tip end. The orifice is pointing down and 30 degrees to the left which
produces a thrust up and to the right when a shot is fired.
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The recoil circuit, Board #7, consists of a 555 integrated circuit
timer, IC2, and a darlington pair transistor driver circuit for the recoil
air valve. The 555 timer is set for a nominal 20-25 msec duration. The
variable resistor R2 serves to regulate the timing duration (Figure I11-12).

The recoil valve is a pilot operated solenoid valve. Because it is
pilot operated, the on-off rise and fall times for actuation are very short
and power consumption is only 8.5 watts.

E.  DISTRIBUTION OF FIRE AND WEAPON MOVEMENT MONITORING

Distribution of fire and weapon movement can be monitored and recorded
during a training exercise for piayback. The system allows the instructor
to view where the weapon is aimed relative to the IR target spot. This fea-
ture is completely independent of the basic system.

An IR light source is used on the weapon. The infrared light source
used in the system is a semiconductor, gallium arsenide laser. The laser is
collimated by a simple plano convex lens. The laser is attached where the
weapon flash hider is located. If the instructor wishes to view the loca-
tion of the trainees weapon, he selects the laser he wants turned on and
holds down a button on the instructor's console. The instructor is able to
view both the projector IR target and laser spot from the selected trainee's
rifle. This information is detected using an RCA TC 1005/HO1 Tow bloom sili-
con target Vidicon and closed circuit video equipment. The TV display tube
is located in the instructor's console and the TV camera near the motion pic-
ture projectors.

The laser spot brightness seen on the TV is a function of the pulse re-
petition frequency (prf) of the gallium arsenide laser. Two modes are avail-
able:

. Flash only
] Track plus flash

In the flash mode only, a single flash occurs when the trainee fires.
In the track and flash mode, the'instructor sees a point of laser light on
the screen all the time, which moves as a function of where the trainee is
pointing; when the trainee fires, a brighter flash occurs.

Laser energy reflected off the screen is eye safe. However, the trainee
should not point his weapon in another trainee's eyes as eye damage can occur
from looking directly into the laser beam.

The laser timing signals are generated using Board #10, Figure III-13.
The laser pulser, Board #11, is shown in Figure III-14.

The laser pulser uses a SCR, GA201 to discharge capacitor C1. QI is

used to allow rapid recharge of Q1. The laser is a 5 watt peak power laser
with a nominal 50 nanosecond pulse width.
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F.  RIFLE MOCKUP

The rifle mockup is manufactured by Replica Models, Inc. It is not
designed to accept a round of ammunition and cannot be converted to accept
ammunition. The original replicas received from Replica Models have been
extensively modified to perform satisfactorily as a trainer. The original
barrel plug was removed and moved to the front end of the barrel to accom-
modate the recoil. A recoil orifice was then machined and an electronic
board was installed within the handguards. To accomodate boresighting,
the original molded-on nonadjustable front and rear sights were replaced
with adjustable front and rear sights. The mode selector switch was modi-
fied to reflect the real MI6E1 mode positions; the trigger mechanism was
modified for better performance; microswitches for the trigger and mode
selector switch were installed; and magazine sensing contacts were in-
stalled for reloading simulation.

An optical four-quadrant detector and optics are mounted above the
barrel and below the sights. A solid state laser and optics for point of
aim information has been inserted in the flash hider position.

Air for the recoil and electronic wiring approach the rifle from the
bottom rear of the butt of the rifle. The true weight of the MI6E]1 was re-
stored by removing unused mechanism from the upper receiver. The true bal-
ance was maintained through equal weight additions, i.e., the detector/
laser combination at the front end of the rifle offset the hose and elec-
tronic wire harness at the butt end of the rifle.

Special test equipment is included in Appendix B.

. MICROCOMPUTER CONTROL SYSTEM

The 3080 Microprocessor Based Control System performs these functions:

() Interrogates the instructor for session parameters

() Stores se<sion parameters for final hard copy

] Determines if self-check is desired, and reacts accordingly

(] Initializes peripheral LSI chips and zeros memory storage

° Inputs rifle data, decodes and stores it

] Measures response time for first rifle shot at new target for
each of four or five rifles

. Outputs shot results to audio feedback and instructor's CRT

. Identifie. shooter making most errors and sends the identifica-
tion to the instructor's console "LEDS"

) Updates shooter's results file
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. Checks for sessi n end and terminates the data collection mode
upon tre instruc or's signal

. Computes trainee’'s overall score
. Prints trainee's results on the instructor's electronic data ter-
minal

1. SINGLE BOARD COMPUTER

The UIWT Sy .tem is controlied by a modified INTEL 80/20-4 Microcompu-
ter System, Reference 6. This microcomputer system, which is based on the
INTEL 8080 microvrocessor, includes an enclosure with front panel controls,
power supply, conling fans, and a card cage in which is located the main
30/20-4 board as well as the interface board (IFB), which is described below.

a. 8/20-4 MOLIFICATIONS

A numb :r of modifications are required before the SBC 80/20-4 can
be used in UIWT/;WAT Version 1.2. These are detailed below with page iden-
tifications to b~ found ir Reference 6 unless otherwise noted.

{1) Pull-up resister packs, SBC-902, page 2-5, must be in-
serted in socket A5 and Af as input terminators for port 2 at address E6.
These terminators were sujplied with the 80/20-4 systems as Beckman part
number 1899-747-0, 300064'-01.

(2) Insert inverting line drivers, either #7437 or #7400,
in sockets A3, A4, A9 and A10 for output ports 3 and 6 at addresses E6 and
EA. See pages 7Z-4 and 4-:4. '

(3) Solder A jumper between J3-8& and J3-10 using the solder
points on the rear side of the board. This connects "Request to Send" to
"Clear to Send". See Table 2-5, page 2-7.

‘4) Wire wrap A jumper from pin 1, a 5 volt source, near
J3 pin #25 and <older it to a through hole just below "C9" between Al5 and
A16 on the front of the board. This should put 5 volts onto J3-16 "REC
LINE SIG DETECT' which goes to the "DATA CARRIER DETECT" of the 743 TI ter-
minal. Otherwi:e the terminal will not function. See page 27 of Reference 1.

t5) Change the wire wrap jumper which exists between pins
141-142 just abcve A22, the 8253, to a jumper between pins 141-143. This is
an option which connects the clock input for counter 1 of the 8253 to the
output of count:r @. See page 4-21,

(6) Interconnect wire wrap pins 11 and 12 near the upper
right hand corner of the board. These are the protect and signal grounds
for the TI 743 terminal. See page 27 of Reference 1.

'7) Scratch through the 1ine going from the transmit data
(TXD), pin 19 o the 825)1 USART, to the SN75188 (MC1488) line driver. Con-
nect the 8251 s de to J1-50 with a jumper wire and connect the driver side
to J2-50. This allows the interface board to switch the serial output be-

tween the VOTRA! and the control console.
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(8) Remove the jumper from wire wrap pins 52-53, located
Just below the left part of the leftmost 8255 and put a jumper between

pins 51-52. This enables port 1 as an input. See Figure 5-2 (sheet 4 of 5).

Check that a jumper exists between pins 71-72 to enable port 4 as an output.

(9) Connect the 80/20-4 front panel interrupt switch into
the interrupt controller as interrupt #7. To do this, connect pins 36, 37,
S, and 39 together and also to pin #45.

{10) Make the required modifications to use 2716 2K byte
EPROMS. These are given in Table 2-12, which is entitled "Jumper Changes
For Optional 8K EPROM Installation". See page 2-15.

REMOVE INSTALL

W2, A-C W2, A~B  Between A45 dnd A46
W4, B-D W4, A-D  Above A78

W4, C-E W4, B-E Above A78

W7, A-B W7, A-D Below A79

W8, A-C W8, A-B  Below A79

C35, 53 and 72 Above A37 and Below A64 and A79
2. THE INTERFACE BOARD -

A1l input/output (1/0) operations of the SBC 80/20-4 microcomputer
pass through the interface board (IFB). These operations can be divided
into three categories.

(] Rifle communications
(] 1/0 through the 8751 "USART"
° Qutput through the UPI-41, 8741 Universal Peripheral Interface

Figure III-15 is a block diagram of these data paths and their asso-
ciated control lines. More details are shown on Figure I1I-16 through
J11-19.

a. RIFLE COMMUNICATIONS

IR spot quadrant detector data are input from each rifle to a
separate 8212 eight-bit input/output port chip on the IFB. A trigger-pull
signal is also sent from each rifle to its associated 8212. Upon sensing
a trigger signal, the quadrant data are latched into the 8212 buffer and
an interrupt signal requesting service is output from the 8212 to the main
board through input port 1. The service request lines from all five 82125
are "ORED" together onto a single 1ine which also goes to port 1 to signal
that at least one 8212 requires service. AS long as this ORED line indi-
cates a service need, the microcomputer polls each 8212 service request
line in turn. When one is detected that needs service, the address of the
8212 responsible for the request is output from port 3 on the main board
to a 9211 one-of-sixteen decoder on the IFB. A data read signal is then
output from port 6 to the 9311, which commands the 8212 to place the con-
tents of its latched buffer on the common data bus.
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Figure 111-15. 80/20-4 Main and Interface Boards

29

i e oIS SOOI RSN . o~ e




.- P———

wl"lylll‘l o ——— et et e e

PR RAARARNABAEAANRARNANNAN O

3N0AeT paROg 3I0HUdIU]  "Qi-I]] d4nbir4 !




(€ 40 L) JL1BWAYDS PuUROg 3084433U]  “(L-II] 94nbi4

1

T

|

!

{

|

1

;
) J

1 v el

!

I

|

¥

%

 IREER RN
i
‘-

l

S R S &

!
55 _;J ,
NLEBHBNH

3031

)
(3
é
¥

157

{
lr
!
r—
&

113388239

31

k)
> einle®
s

|
|
|
|

i
DEBLINGE

+
+

t13tesi

3LIRS

S R'7 23
Tawnes
VB0 (T
Y 1.2 g

[ 14

1dits111:
2!%

! &.t- R

S T

113
t..r-t-l_nl_ll
?
1§
SN Y ¥
|
|
l
{
|
:V
HH

SBEBEERED

i
B s

i

<,

|
|
y

-
-]

CI=Ials] ~
|
s
!
.olﬂlrﬂ
1838 %
[ 33833¢6z:1
> xﬂw“
| D)
i13E€ii
SR
] 23
&‘I
x”“
{
i
N
Lo
|
\
.
N
oo
'
|
-U[!‘;“
i3y
BOOARE

|

i

!
|
’_\Y
i
5‘!
. [ T
A
}
£

L " v ¢ - ¥ v . oy K Yoy '1..0 oy i ! ' .

e - Y




o — e e

(€ 40 2) D13RWBYDS pavog 9304dju]  "3|-1I] 34nbiy

Y ranmss -

foc} - —_——— e
] ™ —
e (o — e e f !
Cowem - W]
trawe - .
omals - W !
N
- -9 - b e — 3 ——~  wa- ¢
: @ = T. - —— . f a-em- 17
. | v
- LN e
g S g |_
=\ - T i 9
— _— -
~i ’ [ ]
) head b
) ol
» - -
o ] na vw..'. S&J
o o e 4 "
- o 3 c*
1 8 B Then anpy” «.,,..nl. v —
- b — . o _— -
r} R 3 iv—. - L a!-f
L] | - Y -
) bt !.—3 » e 3 'Iv. ~
™ i Jil % 1.* v _ >3 ] By
| chl (= —_— - N o5
3™ ) .h . . (<]
Am ol | e Y . S i
7 » LT Ll L £ ] =y — G
" lv.l* » o !
41 2 ol [ i by v ‘ e s
. o \J by :i bt CHR e sue
[ = = T‘ ”o.. - vl_— <oav o
) 0 [ N [
v E —{we o - bn )] * oo, -t Py
Shnsbe g : o o g ™ b b e avaws 1
NVAG. T r3tan] e L il st —— —— - N [
1waCe [ S [ h T - [l L
ne It + —_— =
rv) el ..c_ﬂ .-“ o [ - |1 T wwae .9.
] o —_— e I} - \tyaoe P
[ b 1] - e e L
0 - - - Sy 0
. T a © VaAe Iﬂi
uﬂ L] et |
v
£ (vwress) - B2 -
0
.




b4 Ga®  wamp

- .

e tiee

!

%l

= ‘&?H.TYJJIEJ J J!
ol :
|

e

v
e SPAA S0 THE (e T @ Lomsal o WAY

MR Nan,  Oaereme
onamatens = YR

AT
F!k____,

1
H. e
i

\ R

Y A e
33

nin

C e e - WA

L)
27
s,
m|
i

b
—4;

QERD! l

B;'raj'ng' o EL
HEEE o

BN . P -

Interface Board Schematic (3 of 3)

Figure I1I-19.




Each of tne ot er four unaffected 8212 chips may also contain
data, but are helid tempo-arily in an ipactive "three-state" and present
o high impedance load to the bus. The only quadrant data available at
the main board port 2, therefore, are from the 8212 being serviced. These
cata are read into memor, and the data read signal to the 9311 is removed.
This removes the read command to the 8212 and clears its interrupt service
request. A pulse is then sent from port 6 to the 9311 which issues a re-
<ot siqnal from the IFB to the rifle electronics associated with the ser-
viced #212.

The servized 8212 is now in three state, its service request line
i< off and it is ready t» latch in new data upon receiving the next trigger-
pull signal. In th2 meantime, if other 8212 chips need service as indicated
by assertion of the OREC line, the computer polls the next 8212 interrupt
line. If it needs servize, the process is repeated; if not, the next 8212
service line is polled in sequence. This continues until the ORED service
line qoes off and the conputer moves ahead with the remainder of the program.

A "Target Present" signal from the IR spot projector is carried
directly through the interface board to the main board through input port 2.
The target present information is recorded and used during scoring to iden-
tify a valid target.

b.  USART I/0

The control terminal is an electronic data terminal operating at
a rate of 300 bits per s:cond, Reference 1. At the initiation of each
training session, the computer connects the output serial data stream from
the 8251 programmabie cowmunication interface or Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) to the terminal. The computer, there-
fore, is able to carry on a two-way conversation with the squad leader in
order to obtain "initialization"” data as shown on Figure 6. The computer
questions the squad leader and prompts for answers by issuing the character

During the actial training session, the USART output is switched
to the digitized word audio system. When the session is finished, the squad
leader strikes/presses the start/print button on the instructor's console
and USART output is again directed to the terminal which types out hard copy
scores, as also shown on Figure I11-20.

c. UPI-41 MICROCOMPUTER OUTPUT

During a training session, console CRT data are output in parallel
from port 6 of the 30/2C-4 single board computer to an 8741 Universal Peri-
pheral Interface Slave Microcomputer (UPI-41) on the IFB. The UPI-41 de-
codes the parallel data and sends a 19,200 BAUD, 7 bit ASCII data stream to
the console CRT. The console CRT translates the serial data stream irto a
score message and cisplays the message in the column reserved for the appro-
priate rifle. The UPI-41 also monitors the setting of 5 control switches,
one for each rifle which allows the squad leader to inhibit the display of
scores for any or .11 rifles.
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WANT ID YES OR NO

NO
LET'S START
RIFLE: 1

YOUR RESULTS ARE:

TOTAL SHOTS: 99
HITS: 16
MISSES: 29
LOWS: 2

LOW RIGHTS:
RIGHTS: 6

HIGH RIGHTS: 3
HIGHS: 4

HIGH LEFTS: 8
LEFTS: 22

LOW LEFTS:

NO TARGET: 9
TARGETS IGNORED:
TARGETS SHOT AT:

8

30
AVERAGE TIME: 1.2 SECONDS

OH WELL: THERE'S HOPE IF YOU SPEED UP

YOUR OVERALL SCORE IS:

"INITIALIZE" PORTION OF TRAINING
SESSION

SESSION PROPER.

NO OUTPUT TO TERMINAL . OUTPUT
IS VIA VOTRAX DIGITIZED AUDIO
WORDS & CONSOLE CRT. THIS
PHASE IS TERMINATED BY AN
INTERRUPT FROM TERMINAL.

"PRESENTATION OF RESULTS"

Figure 111-20. “ypici} Printout Format on Terminal
{Cont nues for all 4 rifles)
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The UPI-41 sysiem doscription is divided into four parts: part
1, a functional sumnary .nd a component interface description are presented.
Performance criterii are also established in this section. Part 2 describes
the facilities available within the UPI-41 and explains their use in the pre-
sent application. Part  deccribes the UPI-41 control program and part 4
evaluates the systen wit respect to assumption validity, performance criteria,
and maximum system :apab:lities. The source program is given in Appendix D.

d. UPI-11 MI‘ROCOMPUTER OUTPUT II
(1) Systm Description
The function of the intelligent controller is tc receive paral-
lel data from the S3C 80/20, decode the data, and cause a message Lo appear
on the ADM-3A screen bas~d upon the content of the data received. The con-
trol switch settings als. affect controller operation, but only secondarily.

A block diagram showing the system component relationships
appears in Figure 111-21.

INTELLIGENT
CONTROLLER

J |
CONTROL
SWITCHES

Figure II1-21. UPI-41 Intelligent Controller System Block Diagram
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The following de.cribes the three component interfaces shown
in the figures: SBC 80/2C to controller, controller's to ADM-3A, and con-
trol switches to controller,

(a) ¢BC 80/20 To Controller Interface

The SI:C 80/20 to controller interface js comprised of
three sets of connections The first set, consisting of 8 data lines and
1 control 1ine, are the data transfer connections. The second set consists
of the clock cornections while the third set consists of only one connection,
the initialization connec:ion.

Data Transfer Connections

"he 8 data lines of the data transfer set connect
an 8 bit output port on tie SBC 80/20 to the 8 bit Interface Register of
the UPI-41. Th-re are si¢ I/0 ports on the SBC 20/20 numbered 1 through 6
(V). These ports are divided into the Group A ports, 1-3, and the Group B
ports, 4-6. Each port group corresponds to a single 8255 Programmable Peri-
pheral Interface, PPI. fort 4 of Group B is programmed as an output
port and used for the SBC 80/20 to UPI-41 data connection.

fo transmit data to the UPI-41, the SBC 80/20
places data on port 4 and sends a Data-Availabie pulse to the UPI-41 over
the control line, The Data Available pulse is software generated and is
transmitted through port 3 of 3roup A 8255. The length of the Data Available
pulse is set by the time ~equi~ed to execute the instructions necessary to
change the logi. level of the :ontrol line twice, first from high to low,
then from Tow to high. For th2 SBC 80/20 this results in a 10 microsecond
pulse. The maximum pulse length to the UPI-41 is set at twice the instruc-
tion cycle length, or 6.5 micryseconds; therefore, the 10 microsecond
Data Available pulse is sent to the one shot within the controller where it
is shortened to 1 microse:ond. The 1 microsecond pulse from the one shot
supplies the WR input to the UPI-41. On the rising edge of this pulse the
data on the SBC 80/20 outaout port is latched into the UPI-41 Interface Regis-
ter. SBC 80/20 to controller data transfer connections are illustrated in
Figure 111-22.

Each byte of data transferred from the SBC 80/20
to the UPI-41 contains two kirds of information encoded into separate fields
within the byte. The three most significant bits contain a source identi-
fier encoded in straight binary, and the four least significant bits contain
a message identifier, also in straight binary, see Figure 111-23. Bit four
is not used.

The rate of data transfer from the SBC 80/20 to
the controller can be characterized by three separate data transfer rates of
which the last two will be of interest. The first two rates are determined
by the SBC 80/2(; input configuration, Figure 111-24, while the third is de-
termined by the input configuration in combination with the SBC 80/20 data
proces<ing rate.

The SBC 80/20 input configuration consists of 5
input <ources, +‘here each source contains a data latch and a service request
line. When data is latched into one of the sources, the SBC 83/20 receives
a service request signal from that source. For each service request that

the SBC 80/20 r~sponds to, a data byte will be sent to the controller.
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'BC 8 20 CONTROLLER

GROUF A

PORT 1 ONE SHOT

B

PORT 2 uPI-41

ONE
PORT 3 ™ o1 1 W

DB7

GROUP B

PORT ¢4

PORT 5 INTERFACE DBO
PORT 6 REGISTER

Figure I111-22. SBC 80/20 to Controller

MOST SIGNIFICANT LEAST SIGNIFICANT
BIT 8IT
BIT7 BITO
\ V- - l \ v -/
SOURCE UNUSED MESSAGE
IDENTIFIE! IDENTIFIER

I'fgure 1:1-23. SBC 80/20 to UPI-41 Data BYTE
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The first data transfer rate is the average
transfer rate and occurs when the 5 sources are initiating service re-
quests at their norminal rate. The second data transfer rate is a peak
average rate, and occurs when all 5 sources are initiating service re-
quests at their maximum rate of 12 per second. This condition results
in a peak averace rate of 12 x 5, or 60 transfers per second. The third
data transfer rete is the maximum rate, and occurs anytime there are sim-
ultaneous service requests to the SBC 80/20. This rate is determined by
the processing rate of the SBC 80/20. Analysis using: (1) real-time
emulation under control of Intel's In Circuit Emulator, ICE-80, (2) tabu-
lation of instructions executed and their execution time and (3) experi-
mental determination, indicates that the SBC 80/20 processing rate is
approximately 200 inputs per second.

As indicated before, the peak average transfer
rate of 60 transfers per second, and the maximum transfer rate of 200
transfers per second are the relevant quantities characterizing the data
transfer interface.

To keep up with the SBC 80/20 over extended per-
iods, the processing rate of the UPI-41 must equal or exceed the SBC 80/20
peak average transfer rate, and to keep up with the SBC 80/20 when simul-
taneous service requests have occured, the reception rate of the UPI-41
must equal or exceed the SBC 80/20 maximum transfer rate.

The requirement on the UP1-41 processing rate will
be used in the sequel to determine the baud rate used in the controller to
ADM-3A interface, while the requirement on the UPI-41 reception rate will
be used to establish the necessity of a data queue within the UPI-471.

One final point is that there are no provisions
for the UPI-41 to indicate that it is ready to accept a data transfer from
the SBC 80/20. Thus, the data queue mentioned above will be filled by an
interrupt driven procedure. This technique will assure that a data byte
has been removed from the Interface Register before an additional data
transfer can occur.

2. Clock Connections

The clock connections supply the UPI-41 clock in-
puts, X1 and X2. A single line from the SBC 80/20 supplies the controller
with a 9.216 megahertz clock which the SBC 80/20 makes available as the
BCLK output. Within the controller, the BCLK freguency is divided in half
by a 7474D flip flop. This division is necessary to bring the BCLK fre-
quency within the 1 to 6 megahertz operating range of the UPI-41. The Q
and Qo outputs of this flip flop supply the UPI-41 inputs, X1 and X2, with
a 1800 out of phase 4.608 megahertz clock. While the UPI-41 is capable of
generating its own clock by connecting a crystal to the X1 and X2 inputs,
tne BCLK frequency is used since the standard asynchronous communication
frequencies can be derived from it. The clock connections are shown in
Figure I11-25.
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‘Nﬂ
of

Figure II1I-25. SBC 80/20 to Controller - Clock Connections
3. Initialization Connection

The initialization connection is between INIT out-
put of the SBC 30/20 and the RESET input of the UPI-41. A low going pulse
on this line causes the cointrol program of the UPI-41 to begin execution
at location 0.

-

(b) Controller to ADM-3A Interface

The controller to ADM-3A interface consists of a single line
which originates from line 0 to port 1 on the UPI-41, passes through the
75188 inverting line driver, and terminates on the Receive Data, RXD, input
of the ADM-3A. The line driver converts the TTL output of port 1, 0 - 5
volts, into RS-232C logic levels of = 12 volts.

Lan B e

Information is transmitted from the UPI-41 to the ADM-3A
serially using 7 bit ASCII code under the RS-232C communication protocol.
For this application, the number of bits per character has been minimized by
using a single stop bit and no parity bit. For a given serial transmission
rate this configuration will result in the fastest possible character trans- 1
mission time. This time is an important consideration, as each parallel
byte received by the controller from the SBC 80/20 will require a 22 char-
acter message to be transmitted. With the single start bit, the 9 bit ser-
ial character appears as shown in Figure 111-26.
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21314 ]5)6]7 TIME
t d | b J | ’
MARKING  START LATA STOP MARKING
BIT BITS BIT

Figure I1I-26. Serial Transmission Character

Fach data byte received by the UPI-41, except as noted in the
next section causes a string of § bit characters to be sent from the
UPI-41 to the ADM-3A, a 24 line by 80 character CRT display.

The func'ion of the ADM-3A is to provide three kinds of informa-
tion concerning the SBC 80/20 inputs to an observer. The ADM-3A displays
a mes-age, indicates the SBC 80/20 source corresponding to the message,
and refiects the o-der of input occurrence. The message is indicated by
the characters dis»layed on the screen. The source is indicated by divid-
ing the ADM-3A scri:en into 5 columns of equal width, with the first column
reserved for source 1 message., the second column for source 2 messages,
and so on for the five source:. The order of inputs is indicated by scroll-
ing the display 1 line each time a message is displayed.

For a screen width of 80 characters, and not allowing an overlap
of columns, the message field for each source is limited to the integer
portion of 80/5, or 16 characters. The ADM-3A screen use is illustrated
in Figure I11-27.

To implenent the function of the ADM-3A as described above requires
that 22 characters be sent to the ADM-3A for each SBC 80/20 to controller
transfer. The 22 :haracters are sent in 3 groups: a cursor control group,

a message group, and a display control group.

The first group sent, the cursor control group, contains four
chara .ters which ciuse the cursor to the ADM-3A to position itself at the
beginning of one of the five message columns. The first two control charac-
ters "escape" and 'equals", activate the ADM-3A cursor positioning logic,
while the next two characters are interpreted as the X and Y coordinates of
the ne~ cursor position, respectively. The Y coordinate sent is always the
~ame, )37H, and selects the bottom line of the display. The X coordinate
s det rmined by the SB” 80/20 input source.

The second group sent, the message group, contains 16 characters.
hese haracters will b printed on the screen of the ADM-3A in the message
ield ihose beginiring w:is established by the cursor positioning control

¢ rOup .
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SOURCE SOURCE SOURCE SOURCE SOURCE
] 2 3 4 5
COLUMN COLUMN COLUMN COLUMN COLUMN
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2 :
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24 i B ' | MESSAGE
16
4 CHARACTERS
iﬁ 80 CHARACTERS —

Figure 111-27. ADM-3 Screen Use
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The third group sen:, the display control group, contains the re-
maining 2 characters. These ‘:haracters, a carriage return and line feed,
cause the display to scroll u.o one line in preparation for the next control
gr up 1 sequence,

The complote 22 characters string appears as shown in Figure 111-28,

1 2 3 4 1 16 1 2
ESC|] = | 37H DATA| e @ o lb#"- ODH | OAH
‘ -J
[ 1 J - . ] [ —— Y 4
CONTROL s . CONTROL
GROUP 1 Gh ¥ GROUP 2

Figure 111-28. Ch. racter String Trarsmitted to ADM-3A

The final aspect ot the controller to ADM-3A interface is the ser-
ial transmission rate to be 1sed. Having now established (1) the number of
~haracters sent by the contrcller to the ADM-3A per SBC 80/20 input, {2} the
number of serial bits per character, 9, and (3) the UPI-41 processing rate
requirement, 60 transfer /sec, a minimum serial transmission, or baud, rate
can be computed as:

22 cnaracters/SBC 80/20 transfer x
minimum baud rate = 9 bits/character x (1)
60 SBC 80/20 transfers/second

r 11,880 bits per second. The next highest, indeed the highest, baud rate
1t which the ADM-3A can receive data is 19,200 baud. This value must neces-
warily be chosen as the data transmission rate.

(c) Control Switches to Controller Interface

The control switches to controller interface is a 5 line connection
between 5 control switch outputs and the 5 least significant inputs of port
2 on the JPI-41. The design of port 2 on the UPI-41 is such that if nothing
is connected to a port line, the 1ine will read as a logic one, whereas, if
the line is grounded thrcugh a 1k resistor, the port will read a logic zero
(3). The control switch to controller connections are shown in Figure 111-29.

During the processing of a data byte by the UPI-41, the binary
source identifier is translated into a linear select code which is then com-
pared with the switch setting on port 2. If the switch corresponding to the
source identifier is set in the abort position, a logic 0 is present and a
me-sage will not be sent. This is the exception referred to in the controller
to ADM-3A interface description, If the switch is set in the display position
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a logic true will be present and a message will be sent.

This concludes the overall system description. The
next two sections will describe the principle device within the intelli-
gent controlier, the UP1-41 single chip microcomputer.
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Figure III-29. Control Switches to Controller Interface
e. UPI-41 "ICROCOMPUTER OUTPUT I1

The UPI-41 single chip microcomputer provides the intelli-
gence of the intelligent controller. The block diagram in Figure IIl-
30 illustra-es the facilities available within the UPI-41.

A< described in the previous section, the interface register
is used for communication with the SBC 80/20, port 1 is used for com-
munication with the A[M-3A, and port 2 is used for communication with
the control switches,

Program memory is divided into 4 pages of 256 bytes each.

These pages are numbered 0 to 3. Page 0 contains the main loop of the
control program, while page 1 contains the various subroutines called
by the main loop. Page 3 has a special feature in that data bytes can
be transferred from it to the accumulator using the current value of
the accumuiator as a pointer. This "table lookup" feature is used to
access the message strings which are sent to the ADM-3A. 16 messages
of 16 chara:ters each are stored, using all 256 bytes within the page.
Program memory configuration is shown in Figure II1-31.
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Figure 111-30.
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UPI-41 Single Chip Microcomputer Block Diagram
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Figure I111-31 UPI-41 Control Program Memory Map

RAM within the UPI-4]1 serves three purposes: it contains
the registers, the subroutine and interrupt stack, and the variable
data storage locations. The distribution of the 64 RAM locations be-
tween these three functions is shown in Figure I111-32.

Tha registers in bank 0 are designated RO-R7, while those
in bank 1 are designated RO'-R7'. Only one register bank at a time
can be addressed. Bank selection is accompiished by executing a spe-
cail select register bank X, SELRBX, instruction where X is either 0
ar 1. The registers of bank 0 are used for data processing and message
transmission, while those of bank 1 are used for queue control.

The UPI-41 contains a rather sophisticated timer which was
cvaluated for use as the bit interval generator for UPI-41 to ADM-3A
serial transnission. A< several difficulties were encountered, the
use of the timer while representing a possible area for future research,
was rejected in favor of a software timing approach. The software tim-
ing routine will be described, along with the rest of the UPI-41 con-
trol program, in the next section.
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f.  UPI-41 CONTROL PROGRAM IV

The UPI-41 program is written in MCS-48/UPI-41 assembly lan-
guage. It was assembled using a cross assembler operating on an Intel
Microcomputer Development System, MDS-800. The machine code was burned
into the EPROM program memory of the UPI-41 using an Intel Universal
Prom Programmer and the Universal Prom Mapper Software. The assembly
of the program and the burning of the EPROM were done under control of
the Intel System Implementation Supervisor, ISIS II, operating from an
Intel Dual Floppy Disk Drive.

The program description is divided into three parts:
® Initialization procedures

(] Data reception and storage

° Data decode and message transmission

The program listing is located in Appendix D", flowcharts ar-
pear in Figures I111-33 through III-35.

(1) Initialization Procedures

The first section of the UPI-41 program performs func-
tions which are necescary prior to data reception. These functions are
the initialization of registers and the initialization of the ADM-3A
screen. The values placed in the various registers will be explained
as they are encountered within the program. The screen initialization
procedure consists of clearing the screen and positioning the cursor in
the bottom left hand corner. The screen is cleared by transmitting a
special character, 01AH, to the ADM-3A, while the cursor is posi-
tioned using the 4 character cursor positioning sequence described pre-
viously in the controller to ADM-3A interface section.

As the final step in the initialization procedures, the
UPI-41 enables itself to data reception by outputting a logic zero to
ort 2 line 7. This port line is connected to the UPI-41 chip select,
, input, Since all port lines are in the logic high state foilowing
a system reset, UPI-41 input is disabled until the output instruction
is executed.

(2) Data Reception and Storage

When data is written into the UPI-41 interface register
by the SBC 80/20, an interrupt request is generated. Upon recognition
of the interrupt, the interrupt vector jump at locations 3 and 4 in
program memory is executed, and the interrupt service routine, lines
118 through 134 in Appendix “D", is entered. The interrupt routine in-
puts the data from the interface register and places the data in a
queuet.l A flowchart of the interrupt service routine appears in Figure
I11-34.
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INTERRUPTS
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SEND CHARACTER BIT
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FETCH QUEUE DATA
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MESSAGE
COMPLETE?

OuTPUT
DESIRED?

START

“igure 111-33. UFI-41 Control Program Flowchart Processing Loop
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Figure I1I-34. UPI-41 Control Program Flowchart - Interrupt Service Routine
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Figure III-35. Interrupt Routine Flowchart
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It was pointed out in the section describing the SBC
80/20 controller interface that the UPI-41 reception rate requirement
would necessitate the data queue. The necessity for the queue can be
shown as follows:

Unless the 19,200 baud rate can meet the UPI-41 reception rate require-
ment as well as the processing rate requirement, it is necessary to pro-
vide a data queue to prevent data from being overwritten in the inter-
face register. For this condition to be met, the 19,200 baud rate must
be proportionately greater than the 11,800 minimum baud rate by at least
the proportion of the reception rate requirement to the processing rate
requirement, or

11,800 = 60 (2)
as this is not true, a queue must be maintained.

To meet the storage requirements a First In First Qut, or
FIFO, stack is implemented in the variable data storage area of the RAM
memory. See Figure III-36. A FIFO stack allows data to be retrieved so
that order of entry is preserved. The operation of a FIFO stack can be
conceptualized by considering a storage mechanism where data inputs are
stacked one on top of the other as they arrive, and where data removal
is accomplished by pulling from the bottom. As an entry is removed, all
remaining entries move down one location. This operation is illustrated
in Figure I1I-36.

The problem with this implementation is in moving the re-
maining data entries down. For N remaining inputs, the operation re-
quires 2N memory accesses and 5N program steps as shown below:

(a) Increment pointer |

(b) Load data byte - first memory access
{c) Decrement pointer

(d) Store data byte - second memory access

(e) Increment pointer
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PUT —» ]
INUTN+1 | PUT—
INPUT N INPUT K + 1
INPUT N
INPUT 2
QUEUE BASE gu. INPUT 1 LIWPUT 2

Figure 111-36. Fixed Base FIFQ Operation

A more efficient algorithm uses a "get data" pointer as
well as the "put data" pointer used in the implementation above. The
get data pointer allows the "bottom" of the stack to move upward as
data is removed from the stack. This eliminates the necessity of moving
each of the remaining inputs down. Instead, the get data pointer is in-
cremented once cach time data is removed. The put data pointer always
identifies the next location available for data storage and the get data
pointer identifies the location of the next value to be removed. The
only problem with this implementation is that unless data memory is in-
finitely long, storage locations will run out at some point. This condi-
tion being unacceptable, a "top-of-stack” must be defined, and as the
pointers reach the top they must be wraparound. In this application the
top-of-stack has been made coincident with the top of RAM, making the
last location address 63 and giving a stack size of (63-32) +1, or 32
locations. As each pointer reaches location 63, it is returned to loca-
tion 32 instead of being incremented further, Implemented in this manner,
the number of steps required for a data removal is independent of N and,
for the UPI-41, has a maximum value of 5 as indicated by lines 85 through
89 of the program listing.
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For either implementation, some way of determining when
the stack is full must be available. For the two pointer implementa-
tion, the queue full condition is easily detected by maintaining a
queue status value which indicates how many entries are presentiy on
the stack. If a check of the queue status register indicates that the
queue is full, additional data must be rejected to avoid overwriting
of the earliest entry with the newest entry. Since the UPI-41 has been
designed to meet the processing rate requirement, it follows that the
maximum stack usage must be less than or equal to the number of SBC
80/20 input sources, or 5; therefore, the queue full condition can
never occur in this application. Use of the queue status value in this
application, then, is limited to determining when data is available on
the stack. Figure III-37 illustrates the operation of the moving base
FIFO stack.

The put and get data pointers, the queue status, and the
constants used to determine the pointer wraparound and queue full condi-
tions are Tocated in register bank 1. Also, since the data reception
routine is entered in response to an interrupt, another bank 1 register
is allocated for accumulator storage. Finally, one register is used for

temporary data byte storage during computations.

EMPTY 3 ENTRIES 2 REMOVALS
63 f 63 ? )
° EMPTY EMPTY
o
PUT
: bl
INPUT 3| GET—9{ INPUT 3
GeT [_INPUT 2 EMPTY
P”GTET& > 32— INPUT 1132 EMPTY 32
33 ENTRIES 32 REMOVALS
i* 63 1\ 63
FULL
EMPTY OTHER
} OPERATIONS
GET—{ INPUT 3 pUT J
PUT EMPTY GE;—»‘
INPUT 33 832 INPUT 33 |32

Figure III-37.
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Registers 0 and © =are the only locations which can
serve as pointers into the vari.ble data storage area; therefore,
the get and put data pointers are defined as the contents of regis-
ters 0 and 1 respectively, the other locations are assigned arbit-
rarily as per Table III-1.

TABLE ITI-1. REGISTER BANK 1 MAP

Register 7' Temporary Storage
Register 6' Queue Status Con. = 224
Register 5’ Wraparound Constant = 193
Register 4' Unused

Register 3' Accumulator Storage
Register 2' Queue Status

Register 1' Put Data Pointer

Register Q' Get Data Pointer

(3) Data Decode and Message Transmission

Once data is placed in the queue by the interrupt ser-
vice routine, a check of the queue status register, lines 80 and 8]
of the program Visting, will indicate that data is available for pro-
cessing. The program will then enter the main program loop, line 82,
where the data decode and message transmission function begins.

This section of the program can be divided into 3 seg-
ments:

(a) Data access

{b) Source processing

(c) Message processing
1. Data Access

The function of the data access segment is to
remove a data byte from the queue and perform the transition between
register bank 1 operation and register bank O operation. The data re-
moval steps are reminiscent of the steps performed in the interrupt
routine, while the bank transition is accomplished by placing the data
in the accumulator and then selecting the new register bank. A flow-
chart is shown in Figure III-38,
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TEMPORARY STORAGE REGISTER
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Figure III-38. Data Access Segment Flowchart
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Registar bank 0 is used for the remainder of
the program. A}l locations witnin this bank are assigned arbitrarily
as shown in Table II -2,

TABLE ITI-2. REGISTER O MAP

Register 7 Data Byte

Register 6 Message Length Constant
Register § Binary Source Identifier
Register 4 Linear Select Source Identifier
Register 3 Message Identifier

Register 2 ReTay Counter

Register 1 Uriused

Register 0 Serial Transmission Counter

2. Source Processing

The function of the source processing segment,
lines 93 through 98, is to use the source identifier portion of the
data byte to (1) determine whetnher a message tranmission is desired
and (2) position the cursor at the proper place on the ADM-3A screen.
The source processing segment calls three subroutines; MASK, LOCSET,
and TAB.

Sibrou-ine MASK, 1ines 144 through 156, coverts
the binary source identifiar in-o the linear select identifier through
the use of the lookup tabl: locited at MSKDAT, line 143. The subroutine
then performs the comparisin wi:h the port 2 control switch lines and
sets a flag according to tie result.

Subroutine LOCSET, lines 161 through 168, sends
the characters which activate the cursor control logic and the Y coordi-
nate value to the ADM-3A.

Sibroutine TAB, lines 157 through 160, converts
the binary source identifier into the proper X coordinate value and com-
pletes the cursor positioning s:quence by transmitting the coordinate
value to the ADM-3A,
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3. Message Processing

The function of the message processing seg-
ment, lines 99 through 112, is tc convert the message identifier por-
tion of the data byte into the page 3 address of the message string,
output the message string, scroll the ADM-3A display one line, and
return to the queue status checking loop.

The page 3 address of the message string is
produced by multiplying the binary message identifier by 16. Thus,
the message identifier is converted into the starting address of a
16 character string which makes up the message. The multiplication
is accomplished by swapping the high and low order nybbles of the data
byte and then masking out the low order nybble. This operation is

equivalent to four left shifts and, therefore, multiplies the source
identifier by 23, or 16.

Subroutine STROUT, lines 169 through 175, uses

the message address produced by the preceeding multiplication and the

string length constant contained in register 6 to control the transmis-

sion of the 16 character message string to the ADM-3A.

The CRLF procedure, lines 107 through 110,
cause the scroll of the ADM-3A display by sending the carriage return
line feed combination.

Finally, register bank 1 is selected so that
when the jump at line 112 occurs the register bank containing the queue
status value, R2', will be addressed by the WAIT loop.

This completes the description of the control

program except for the subroutine which controls character transmission.

This function is accomplished by the OUTPUT subroutine, lines 176
through 191,

It was noted in the description of the clock
connection, section II, that the 4.608 megahertz clock input to the
UPI-41 would be used to generate the proper communication frequency.

The following discussion explains this process and the operation of
the OUPUT subroutine,

Each instruction in the UPI-41 instruction
set consists of either 1 or 2 instruction cycles. Each instruction
cycle consists of 5 machine states and each state consisits of 3 clock
periods. See Figure I1I-39.

states | STATE ) e[ smws ]

cvees | INSTRUCTION CYCLE ]

Figure 111-39. UPI-41 Instruction Cycle
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The instruction cycle execution raie, then, is 1/15 of
the input clock rate or 307,200 instruction cycles per second. The
instruction cycle execution rate divided by 16 produces the serial
transmission rate of 19,200 baud. Therefore, a bit interval, i.e.,
the time a serial bit should be present on port 1 during transmission,
is exactly 16 instruction cycles. A 9 bit character can be transmitted
by constructing a loop which places a new serial bit on the port 1
transmission line every 16 instruction cycles.

The QUTPUT subroutine, Figure I111-40, expects the 7
least significant accumulator bits to hold the 7 bit ASCII representa-
tion of the character to be sent. As 9 bits are required to send a
complete character, including the start and stop bits, the & bit accum-
ulator and the carry bit are catenated to form a 9 bit register. The
accumulators most significant bit and the carry bit serve as the stop
and start bits respectively. Once the 9 bit register is set up with
the character, the bits are sent by successively rotating the bits into
the least significant bit position of the accumulator and then output-
ting the accumulator to port 1.

Instructions 1, 2, and 3 set up the character, the trans-
mission loop begins at line 180. Note that the number of instruction
cycles required for each instruction in the transmission loop is shown
to the right of the instructions.

For the first eight bits transmitted, program execution
proceeds through the steps indicated 1 through 8. As can be verified
by the reader, 16 instruction cycles are executed between bit changes.

g

R2ygaRERT §3533RE N

1

R, 907H ; SERIAL BIT COUNTER

ARL  ;GET ASCIT CHARACTER TO BE QUTPUT

PL, 908H ; PUT OUT START BIT

R2, #0MH ; SET UP DELAY LOOP LENGTH

DELAY

PLA  OUTPUT CURRENT BIT OF SERIAL CODE

A + GET NEXT BIT OF ASCII CODE
sHAIT 1 INSTRUCTION CYCLE TO COMPENSATE
iFOR RR BEING A SINGLE CYCLE GPERATION

R2, 802H i SET UP DELAY LOOP LENGTH

DELAY

R8, LOOPL i TEST FOR 7 BITS OUTPUY

P4, BO1H ; PUT QUT STOP BIT

R2, $83M ; SET UP DELAY LOOP LENGTH

DELAY

NDINEN ; IF IN SETUP SEGMENT DONT ENRBLE INTERRIFTS

I

NOINEN: i RETURK FROM SUBROUTINE

Figure I11-40. UPI-41 Character Transmission Subroutine
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Program flow for the final bit proceeds through the
steps indicated A through E. While this sequence requires only 9 in-
struction cycles, analysis of the complete program shows that for any
set of conditions a minimum of 8 additional instruction cycles will be
required to reach the initial ouput instruction for a new character.
Thus, a minimum of 9 + 8, or 17, cycles will be executed exceeding the
minimum of 16 by 1 cycle. But, as there is no maximum length for the
stop bit since its level corresponds to the nonactive, or "marking"
state, the value 17 is acceptable.

The instruction executed just prior to entry into the bit
transmission Toop diables interrupts, while the instruction just before
the return reenables them. Interrupts must be disabled during transmis-
sion of a character since the occurance of an interrupt service routine
would insert extra instruction cycles, thereby destroying the integrity
of the software timing loop.

As a concluding remark on the UPI-41 control program, it
is noted that starting on page 51 of the listing, a sample set of mes-
sage strings is shown.

The program listing referred to throughout this section
is the assembly listing produced during the assembly of the UPI-41 con-
trol program source file. This version of the program was used for the
system evaluation to be presented in the next section.

3. 80/80 PROGRAM

Operation of the 80/20-4 Microcomputer is directed by program code
in three 2716 2KX8 EPROMS. The code was compiled from a program written
in PL/M-80 language. Reference 3 gives a number of PL/M-80 examples.
While reference 5 provides the language syntax and other definitions.

The overall program strategy is shown on Figure I111-41, with more
detail given on Figure II1-42. The program listing is given in Appen-
dix A.

After power has been turned on, the program starts when the 80/20-4
"RESET" button is pushed.

During “initialize" the program issues a series of questions to
the system console and prompts for answers as shown on Figure III-41,
If desired, the date, training session number, and trainee names are
obtained and stored for future reference. When all identification data
have been collected and other housekeeping details completed, the pro-
gram issues "LET'S START" and the main training session loop is entered.
This loop may be executed along the three different paths indicated on
the flowchart, Figure 111-42.

If there is no target present on the s«ieen and no rifle trigger
is pulled, i.e., no "action", then path 3 wi11 be selected by program
logic. No data comments are generated during early passes around the
path 3 loop. Subsequent "action" will cause flags to be set and a re-
*urn to path 3 may result in a comment of either “NO TARGET" or "YOU
FROZE" being sent to the earphones of any erring trainee. Correspond-
ing error data are filled in RAM memory for the identified trainee
which will lower his score printed out after the session ends.
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INITIALIZE —

ESCAPE YES

YES

PATH 1

FILE DATA
&
COMMENT

COMMAND

?

ACTION NO

?

ANY
TARGET
?

PATH 2

FILE DATA
&
COMMENT

PATH 3

FILE DATA
&
COMMENT

v

PRINT RESULTS

[

Figure I1I-41. 8080 Program Strategy
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INITIALIZE
TIMER &
RAM
SEND GREf TING
SWITCH 10 VOTRAX

)
‘ ’
!
s
4

!
L3
TRAINING e@
~ ?
PRESENT
< TARGET RESULTS
oR 10 €07
a R]FLE? SHOT I
<
<
.
- TURKEY
TEST
.
§
4 SET
TARGET DOWN
SET TARGET & TIME TIME
4 REAL & GONE = P GET RIFLE TFLAG - @
TFLAG = | DATA
4 TURKEY = 9 SEND RIFLE
DATA
e Y
¥
‘;
N
END
NO TURKEY
TARGET TEST
' N
GET RIFLE
DATA
SEND RIFLE
, OATA Y
REAL GONE = !
RECORD WHO
FAILED 10 SHOOT
FIRST SHOTS = }
E“h IRST SHOTS
607
ONE -
N
END 0
SESSION cTI0
Figure 111-42. Program Flowchart
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"ACTION" is true after a target becomes available and/or a rifle
is "I'IRED". The session loop will now pass through either path 1 or 2
as dictated by program logic. This logic also determines the proper
data to be filed and comment to be sent to the trainee's earphones.

For example, if the target disappears but the trainee persists in shoot-

ing for more than one second, then a "NO TARGET" comment will be sent
to the rifleman, and a negative score is placed in his data file.

Operation remains locked in the session loop until an escape is
signaled by the squad leader's pushing the start/print button. This
causes a system interrupt and control passes to “PRINT RESULTS" which
produces output as shown on Figure I11-41. The program then returns
to the "INITIALIZE" block and data records are initialized in prepara-

tion for the next training session.
4. SCORE DISPLAY AND WORST PERFORMANCE

The final score for each trainee is calculated by adding the fol-
lowing items:

100 x (Hits per shot)
60 x (Near misses per shot)

30 if average reaction time = 0.5 seconds, or
20 if average reaction time 0.5 but = 0.9 seconds, or

10 if average reaction time 0.9 but = 1.3 seconds, or
0 if average reaction time 1.3 seconds.

-2 x (Number of targets ignored)

When the 1ight emitting diode or "LED" is 1it under a trainee's
CRT column, he is the "WORST SHOOTER" inasmuch as he has the highest
total of these items:

[ Misses
] Shots with no target present

] Targets ignored - PP the worst shooter is recomputed each
time a traget is not present on the screen.

5.  SELF CHECK

The UIWT self check has two parts: (1) an SBC 80/20 check, and
(2) the interface board (IFB) check. These procedures are described

separately.
a. SBC 80/20 CHECK

The 80/20 single board computer checkout requires the inser-
tion of an INTEL SBC 416 ROM extender board on which is located the
test program driver and a duplicate of the UIWTversion 1.2 program.
The duplicate program is contained in five 2708 ROMS. These ROMS are
located at addresses through ACPPPH, see Appendix C.
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The «0/20 ¢neck vo tifies prover overatt i of tne SEC memory.
170 ports, tiner and BSART. A complete check requires about a second.
Tn run the Chick, the normai 50 pin connectors to “"J1" and " 2" of the
30,20 must be removed and replaced with a specia!l test strap which con-
nects input terminals of J1 to output terminals ¢n J2 and vice versa
The SBC 416 board must also be inserted into the computer card cage.
While n t necessary, it may be convenient to remcve thr interface board
to avoid damage to the wire-wrap pins. The UIWT program is started with
a reset in the normal way. The first thing that the UIWT program does is
to determine if the SBC 416 board is in the card position on the SBC 416.

rs 0 wmyp -

M If the SBC 416 i< in place, the program finds a "1" located at address
i PCPAPH.  If it is not in this Tocation, no transfer acknowledge signal
will be returned. After a millisecond, therefqre, the attempt is aborted
. and a "PP" is read into tho 8080's accumulator. The PP occurs due to the
< 1K pu]1uﬁs on the inputs of inverting line drivers. With a 1 found at
PCPPH, the test program is conducted, while if a @@ is returned, the
< normal UIWT program starts.
< The 80/20 test signals its completion by turning on a "LED" lo-
cated near the top right coirner of the 80/20 barod. if no flashes are
: noted, the test was completed in a satisfactory manner. If flashes occur,
a some trouble was uncovered, the nature of which is indicated by the number
of quick fleshes grouped tagether. The trouble code is:
‘
. 1 FLASH == RAM FAILURE
2 FLASHES == RO FAILURE
3 FLASHES == 1/0 FAJLURE
4 FLASHES ==  TIMER TOO SLOW
* 5 FLASHES ==  TIMER TOO FAST
. 6 FLASHES ==  USART FAILURE
. A TIMER TOO FAST
6 FLASHES == USART FAILURE
o«
4 A flash group is sent for each failure detected, so it is possi-
h ble that more than one trouble code may be detected during a single 80/20

test. The test may be terminated only by turning off the power. This
should be done, of course, before any physical changes are made to the

computer,
b. IFB SELF TEST

To test the interface board, the 80/20 test SBC 416 board may
be removed from the card cage and the IFB reinserted. The normal 50 pin
rifle input strap connector and the 34 pin strap connector must be re-
moved. A special strap must be connected between the 50 pin rifle test
simulator output and the 50 pin rifle input connector.

The CRT and Electronic Data Terminal, EDT, are needed for the
test. The VOTRAX unit may optionally be disconnected or left connected.

To corduct the test, the UIWT system is started as usual by a
start or reset. When the query "WANT ID YES OR NO?" is presented on the
EDT, a control-T for "TEST", should be entered. The system should re-
spond with:
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RIFLE SIMULATOR
STRAP IN PLACE?

If no errors are found, the test requires 18 to 19 seconds to
run, and the system responds with:

TEST COMPLETE.

Hitting any key on the data terminal will result in the standard output
being typed out, as shown in the attached listing.

If trouble is detected, the rifle "ID" number will be typed with
"F" for failure and a coded diagnostic: RES, INT or DAT.

(]

RES = The rifle did not receive a reset pulse.
INT == The UPI1-41 did not receive the data strobe that it
originally sent.

DAT == Improper data was received by the UPI-41.
H.  FILM ANIMATION

This section describes the process by which a second projection film
is produced to enable the electro-optic rifle receiver to sense targets
on the movie screen and score the trainee's performance.

A black-and-white animated companion film is prepared for simultan-
eous syncronized projection on an infrared projector with a full color
battle scenario on a second projector. The black-and-white film is ani-
mated frame-by-frame to produce a clear target zone surrounded by an
opaque field. If more than one target is present then more than one
clear target zone is animated within a frame.

Infrared light is projected through the clear target area to pro-
duce a target zone for the rifle electro-optic sensors. This infrared
target zone is usually animated to directly overlay the visual target
being projected by the full color battle scenario but may also be super-
elevated and/or lead the target as required.

Film animation has been accomplished by inspecting a battle scenario
frame-by-frame on a Movieola (a type of laboratory film analyzer). Each
frame is inspected for the total number of targets, and target location.
Each frame is catalogued and then compared to each other for target range
and rate of transverse motion measured. Lead and superelevation calcula-
tions are computed from this data for final animation.

Selected target shapes and sizes are prepared for use in the anima-
tion process. These shapes have usually been silhouette, oval, and
circles. The target shape is realized as an opaque shape on a clear
strip of acetate.
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The battle scenario is again viewed frame-by-frame in the animation
process. The arimator locates targets according to the script and over-
lays on appropriate target size and shape on a rear projection screen.
Lead and superelevation corrections are applied if necessary and then the
battle scenario is removed while a single frame of the animated film is
exposed.

Upon complotion the entire animated film is developed using a rever-
sal process. Thnis process causes the opaque target shapes to become
transparent and the background to be opaque. The contrast is adjusted
for a D* = 2.5 or better. A D* of 2.0 has been used successfully.

Copies are made of this master animated film and both battle scene
and the animated films are edge numbered for easy identification and
editing. A final coat of laquer is then added to protect the emulsions
and extend the 1ife of the films.

The resolution of man targets beyond 300 meters is difficult and is
a limitation of the system using standard 16mm film.

No research was done on automating the production of the IR target
film. It is our opinion that research in this area could reduce both
the time and expense of producing the infrared target film.
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SECTION 1V
CONCLUSTONS

The UIWT was tested usccessfully by the U.S. Marine Corps and by
the U.S. Army, under the different name SWAT (Squad Weapons Analytical
Trainer). The two systems are virtually identical except for the num-
ber of trainee firing positions. UIWT has four firing positions while
SWAT consists of five firing positions.

Evaluation of the UIWT's trainirg effectiveness and potential was
performed in November 1979 at Camp Lejeune, North Carolina, by the U.S.
Marine Corps. The evaluation was conducted by three members of Code
N-241, Naval Training Equipment Center. Three different groups of
Marines acted as test subjects or provided expert opinion. They are as
follows:

(a) 120 enlisted men took part in a guasi-experiment designed to
determine benefits of the UIWT versus a more traditional training method,

(b) Eight highly experienced snipers evaluated the UIWT for its
training capabilities. These Marines also serve as marksmanship instruc-
tors,

(c} A variety of General, Field and Company grade officers fired the
simulator and gave opinions concerning its usefulness.

The following comments on testing are extraced from Reference (8).
Generally, the infantrymen were very positive about their experience
with the UIWT. They would like to see deployment of the device into
actual training situations. An overwhelming number stated that they
would rather train in the UIWT than on the pop-up range. The elements
of realism and immediate feedback were the main reasons for infantrymen
satisfaction with the UIWT.

Without exception the officers who fired and observed the UIWT
opined that it was a valuable training tooil. Some officers went so far
as to request that the UIWT prototype remain at Camp Lejeune so that
they could start training Marines. A number of officers expressed con-
cern about UIWT maintainability and reliability. They felt that if the
UIWT was to be used for large numbers of trainees it would have to have
rigid specifications for reliability.

The Marines suggested that there were no special features of the
UIWT system (i.e., feedback, recoil, instructor console, infrared moni-
tor, etc.) which should be deleted. A1l features seemed acceptable
and desirable to those who evaluated the system.

The UIWT functioned well throughout the study. Breakdowns and mal-
functions occurred on few occasions. This performance record is even
more impressive when it is considered that this version of the UIWT is
a prototype. The maintainability and reliability of the UIWT, based upon
this evaluation, must be considered as good. ' Future iterations in the
production format should only serve to increase these two characteristics.

68

R




Despite test limitations, the UIWT evaluation was considered to be
successful by those participating in the evaluation. The overwhelming
enthusiasm for the training device, exhibited by the Marine personnel
who fired it and observed it, gave evidence of tis potential usefulness.

The evaluation of the UIWT at Camp Lejeune produced positive find-
ings. Every characteristic of the UIWT met with approval. An evaluation
of trial scores on the UIWT provided empirical evidence of the UIWT's
effectiveness.

No formalized Program of Instruction (POI) exists for team firing
training. Consequently, none was administered with the UIWT evaluation.
This area of training should be given consideration in the future. Pre-
sently the instructor merely gives informal directions on how a fire
team should function. The same informal procedure is followed for marks-
manship instruction. Observation of the UIWT evaluation identified a
number of factors which should be formally addressed in instruction for
team fire.

(a) How large is a fire sector?
(b) Enemy tactics (i.e., Warsaw Pact, Vietnamese)
(c) Ammunition rationing

(d) Change in fire team tactics if a member is made inoperable
(i.e., gun jams or casualty)

There is presently no training which accomplishes the objectives
that the UINWT addresses (e.g., fire team training, on board ship practice
and training, and providing realistic combat scenarios which require
application of proper aiming techniques). Since the Marine Corps deems
these objectives to be important, it is recommended that the UIWT effort
be funded and prepartion be made for contractor production of the system.
In addition, development of the UIWT's capability to simualate other in-
fantry weapons such as the TOW, DRAGON, motars, etc., should continue.
Also, any formalized instruction should include techniques for firing at
moving targets (including leading, firing into brush cover, and firing
through smoke). It is possible for an instructor to forget to cover
many of these important points when it is presented in an informal manner.

The UIWT has a counter which allows the number of rounds fired during
a session ta be accurately assessed. This counter showed that over
40,000 electronic rounds were used for the evaluation. Presently, costs
for live M-16 ammunition are approximately nine cents per round. At this
rate, the UIWT accomplished an ammunition cost savings of nearly $4,000.
This figure if applied to a year's worth of training, would be a signifi-
cant savings. At this rate the UIWT would pay for itself in a year., If
the transportation fuel costs were added to the ammunition cost the sav-
ings would be even more impressive.
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The U.S. Army test was conducted by the U.S. Army Infantry Board
(USAIB) for the Directorate of Training Developments, U.S. Army Infantry
School (USAIS), Fort Benning, Georgia (See Reference 9). The test was
conducted 22 January through 5 March 1980, employing test soldiers from
the U.S. Army Marksmanshio Unit and TOE units. Testing included use of
the SWAT as a vehicle for training riflemen a technique of engaging
moving personnel targets. A comparison of record fire scores, achieved
by personnel trained on the SWAT, on the Infantry Remoted Target System,
Defense Test Range, and a no-training control group, was conducted to
address training potential. Figure IV-1 indicates the results of firers
interviews concerning the SWAT weapon and SWAT targets. Some of the
major findings were that test soldiers improved their firing performance
on three iterations of SWAT firing, but not on three iterations of DTR
firing. It is stated that "this test does give some evidence of the
SWAT system's potential for training transfer. However, a final estimate
of the systems training value cannot be made until a training program is
developed which optimizes SWAT performance".
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INTERVIEW (MEANS)
UIWT WEAPON

T R

“M16A1

w
B
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Ease of zeroing (easier-harder)

Recoil (less-more)

Muzzle climb (less-more)

Amount of noise (less-more)

Sound duration (shorter-longer)

Trigger squeeze (easier-harder)

Amount of slack in the trigger
(1ess-more)

-‘.——- ——— e —— —
A A O N

Balance (worse-better)

Weight (lighter-heavier)

Ease of magazine change
(easier-harder)

Accuracy (less-more)

Obtaining a good sight picture
(easier-harder)

Getting a hit (easier-harder)

B P R G U S X

UIWT training (worse-better)

UIWT TARGETS

Seeing targets at 0-100 meters
harder-easier)

L
r———————u-—-—» —_—te—ree e e ———— . — ——<r—-——-.-q{——-——-A-————dr——,-—-

Seeing targets at 101-200
meters (harder-easier)

Seeing targets at 201-300
meters (harder-easier)

Determining target ranges
(harder-easier)

N .

°
°
i e B e e

N~
NO SIGNIFICANT
DIFFERENCE

—~
Q
|
o
A
—

Note: In aill cases the UIWT rifle and targets are being compared

to the M16A1 and the DTR range.

If there was no difference between

them, then a 4 was chosen. The farther away the mean is from 4,

the more difference there is between the UIWT and the MI16A1l.

Figure IV-1. Results of Firers' Interview (Means)
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APPENDIX A
FUNCTIONAL DESCRIPTION OF CONSOLE SWITCHES
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APPENDIX A
FUNCTIONAL DESCRIPTIO! OF CONSOLE SWITCHES
Figure A-1 displays the Inst-uctor's Console. The right side
display screen presents printed cclumns showing trainees results each
time they fire, ard indicates by . red light which trainee is doing
the pocrest. The miniature toggl: switches must be in the up (or on)
position for any traince particip ting in the exercise. The left side

display screen presents positions of movie targets and indicates where
trainee is aiming and where his r)und has been fired in relation to

where the target «ppearved.

On the main, center panel, the instructor operated switches are
arringed and labeled in groups by function. They are:

1. Main power (single switch)

2. Mi:rocomputer (three switches)

3. Computer Voice (two switches)

4. Projector (two switches)

5. Motor (three position rotary switch)

6. Boresite (single switct)

7. Recoil (single switch)

8.  Score display (single -.witch)

9. Audio Communications (.leven switches)

10.  Weapon motion system (crleven switches)
The operation of these switches 'ollows:

MAIN POWER - Applies the ac power to entire console.

MICROCOMPUTER - "On" applie: operating voltages to computer.

"Reset"” clears all previous data from computer and asks if

individual identification of each trainee is required. If none is re-
qguired, depress any key except Y (For "yes"). Computer will signify
system is ready by printing out "let's start".

"Start print” starts tne hard copy printout process printing
trainees results and analysis.

If individual scoring identification is required, depress the let-
ter Y on typewriter. Computer will ask you for today's date, session
number and to enter in name of first trainee, then instruct you to
identitfy the others in same manner., NOTE: Names of trainees must be
limited to those containing no nore than six letters.

A-1
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CIMPUTER VOICE - Permits instructor to activate the computer
voice zarried to trairee headphonps The voice reset button should
oe pusned whenever the computer voice is turned on.

PROJECTORS - "Locked-Unlocked" switch either Tocks or unlocks
synchvonous motors of IR and visual projectors together so that target
frame and v sual frame coincide, or permits instructor to operate pro-
jectors indipendently durirg alignment. For normal operation tihe
switch shou d remain locked.

" tart Movie" physically starts the movie if motor switch
is not in o' f positior.

MOTOR - This three position rotary switch performs the function
of applying ac power first to projector motor and then to projector
lamps (this proc:dure is conventional in all movie projectors to con-
serve lamp life).

BORESIGHT - This switch allows instructor to override the "tar-
get present” sigial delivered to computer by the projector, so that
trainees can fir: at the ta~get box instead of the movie screen.

When Tower half »f this switch is illuminated the system is in normal
(movie screen) pisiticn.

RECOIL - This switch gives instructor the option to conduct ex-
ercise with or without rifle recoil.

SCORE DISPLAY - This switch clears the right side screen display.
AUDIO COMMUNICATIONS - This bank of eleven switches permits the

instructor to 1icten in on the headphone of any trainee, and talk to
any one or all trainees.

WHAPON ACTION SYSTEM - This bank of eleven switches allows the
instructor t) view,-or the left side display screen, exactly where
any, or all, tra'nees are aiming and firing in re1at1on to where tar-
gets a)peared on movie screen. The upper bank of switches selects the
traine: to b» observed. The Tower bank of switches either energizes a
traine:'s laser continually or orly when he had fired his rifle. These
switch»s supoly operating power to the laser attached to each rifle,
and mu,t be neld pushed in for the laser to operate.

R L B T . T e e ral . L IRIPTNIL

- e




i

<

e W

PR

b

[

aua

o O W e ba »«4

APPENDIX B
TEST EQUIPMENT
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APPE!DIX B
TEST EQUIPMENT

1. {ASER C1{ECKEF

The la<ar checker test box. Figure B-1, allows instructor to
make o go-or -go check of the UIWT tracking liser which is attached
to the simu’ated rifle. Referring to the schematic, Q1 is a silicon
photodiode ' hich responds to IR energy from the rifle laser. When
the rifle t-igger is pulled, with the laser positioned a few inches
trom the de >ctor, Q1 detccts the infra red pulse, and delivers an
output sign. 1 to Q2.

Q2 is ~ high gain amplifier whose output is a sharply rising
positive puise that provides the gating signal required to turn on
silicon controlled rectifier Q3, placing its anode at ground poten-
tial, and allowing capacitor C3 to begin charging up toward Vcc
through resistor R5, and cnergizes the Sonalert alarm producing an
audio tone ¢f approximately 2 Khz.

Q4 is a unijunction transistor oscillator which is enabled when-
ever capacitor C3 is returned to ground. As capacitor C3 starts to
charge towdrd Vcc it produces an exponentially rising DC voltage at
the emitter junction of Q4. When this voltage reaches the breakdown
point for this particular unijunction, Q4, conducts heavily, shorting
emitter to ground thereby allowing the charge on C3 to dissipate,
Tifting the anode of Q3 off of ground which turns off the SCR, dis-
abling the udio alarm, and the entire circuit is again ready for re-
cycling.

Power ‘or the laser checker is externally provided via binding
posts. Any battary voltage from six to thirty volts may be used. The
audio alarm sound level varies with battery voltage. Fifteer volts
provides m: e than adequate sound level for an average room.

2. RIFLE HECKER

By usi\g an ordinary penlite flashlight as a source of Tight
energy, anc directing the light into the lens of the rifle receiver,
the rifle «1ecke~ test box allows the instructor to confirm that the
four quadr. a1t detector in the rifle is functioning, the "Full Clip"
feature of the UIWT system is operating correctly, that the rifle
mode select switch, and rifle trigger switch, are also functioning
properly. In addition, the UIWT laser can be tested using the laser
checker in conjunction with the rifle checker.

Detec'or Test: Referring to the schematic of the rifle checker,
Figure B-2. conrections to the rifle are made via a T&B connector
identical to thet with the UIWT system. Connector pin numbers are
identified on tte schematic. IC1 is a quad comparator which estab-
lishes the signel strength reference level of the IR energy received.
Each of thc four comparators parameters are identical. The desired
reference evel is established on the non-inverting inputs of ICI.
The rifle (etector outputs appear as signal at the inverting inputs

B-1




7“:!5?

v)””)”,’””””ﬂa,g,

€68¥N2
»0

U00¢e
1)

]
1

Tt e

X0g 40333j3Q 43se] °1-g aunbl4

AT A o A, 5

3001Q OLOHd 11§

T it e sty 015

ov0 Q98 ol
10
19 9.8INZ OSeNZ o
L 20 N
28 Mo 12 o
3
M e Mo 29 ”
93ING'I nuvIv NOOE |
Gy L¥3TIYNOS 1y
A
.
- PEST——
- —— - o T T P eav—— e ————— e




S

LA T MR

e ¥
&

43%23Y) 314ty "2-8 a4nbly :
LJILVNOLNY, 3GON SI
JAORN 'di1D ‘O1dL NOWNDD 'P)
‘O'N ¥3PeINL €I
SL10A G1+ 29
NOWNOD d110 @ QNMS "I
SL10A §1- 01 _
2% 8
ve @
Limas, 300m
9N ¥3IDOWL 9 s
dnd s
(TWNEILND AGY+ ¥ :
1N41N0 1S3L ¥3IS¥1 € .
= « 438N o 2 i
L h—® go 1
IFOC H.,b ¥3IMOd
. - Nivw
Q -5 ©
- A1ddns
% %M_ uamod | AsH N W YUBE <
= +
- - M I ~ it M “ 3
n nz < ‘@ s
Q) )
.NO 43IM04,, | 5 m 21 [ < re
ol g7 - o1
! $or nos Ag1 AlddnS oxz
_ NG ¥ ¢ g
- 2] " " 54
238 AGs S-LOPEM , T Y3IMOd 4 3:& A
! @ € v o |
m 1 o™ t . ﬁi . P
® ‘ S RCTRRR _.
5 ol v /rJ : &
HOLIMG 300W I1J 1531 43991 0] !
Nz
—o —o wNO £,
nau,__ 1 . ermn uNIs |
&an 031K 03 9aM , "
oiny _xuu* ﬁ 4 o € 191 U N
s
o & 291 , @ ¥
AS+ AS+ B : ——
@ ) < 1 = e
JNUdNI ONMY,, = 0
z o sasi T WNO 28, uNz
T )]
1 s o_f b 203 ! uxtg
g0 43SV, = = 4112 re »Lq - ORI .
|H. Mo my pag oA -
) =
| : | Mt | ®
i . METE IR \
u%0z2 L] L 3 IJ 2 2 | T3 i
v
| wosgaw unms WNO IO, unz w
£ vl ¢ LEN w1 < AA o !
1 ol T PO :
uxnz2 H _l:._eu.w H ] v !
mo o
B &
- +———OAS+ e~ 2. 2, !
it R A L v ver ey G0 S 80 @ & A
- - —— S
o - - e - - . — e —— a S "
- i | -




of IC1. When this input signal is of an amplitude equal to the
reference level established via the variable resistor, the outputs

of IC] rise to a logical "HIGH". This output "HIGH" signal appears
on one input to IC2 which is a quad NAND gate. Since the remaining
NAND inputs are permanently "HIGH", IC2 produces a logical "LOW" at
its ouput, providing a path to ground for that particular LED, allow-
ing it to light up, indicating that the UIWT rifle detector is opera-
tional. By pointing the flashlight beam into the rifle receiver lens
and moving it about, it is possible to observe that all four quad-
rants of UIWT's rifle detector are indeed functioning.

Ammo Magazine Test: One half of IC4 is a timer arranged to pro-
duce one pulse of approximately five second duration whenever it re-
ceives an input, thereby testing the "full ammo magazine" feature of
UIWT A "full magazine" is simulated by one whose internally-mounted
capacitor has been charged. A separate, partitioned-holding/charging
tray which accomodates up to 30 magazines is provided with the instruc-
tor's console. In future modifications, this holding/charging tray
can be incorporated into the console. Referring to the schematic,
when a (charged capacitor) full magazine is inserted in the rifle,
the capacitor discharges into one gate of IC3, a NAND, providing a nega-
tive going signal as input to timer IC4. When IC4 turns on its output
goes "HIGH” allowing LED 5 to light for approximately five seconds. If
an "empty magazine (i.e. one which has expended its full thirty rounds)
is inserted into the UIWT rifle, it cannot energize the circuit and
LED 5 will not illuminate.

Laser Test: This test is performed by one half of IC4. The cir-
cuit is a free-running oscillator delivering sharp positive pulses of
approximately one microsecond duration at a PRR of 5 KHz. This output
is directly connected to the laser input via the normal connecting
cable. When the "laser test" button on the rifle checker box is de-
pressed, the output of oscillator IC4 is allowed to trigger the laser,
and the laser will emit IR energy.

By setting up the laser checker* box several inches from the laser,
an audio alarm tone indicates correct operation of the laser each time
the test button is depressed. *Circuit operation is described in Para-
graph 1 of this Appendix B.

Rifle Trigger and Mode Switch Test: Correct physical functioning
of the UIWT rifle trigger is verified by observing the test lights LED 6
and LED 7. LED 6 will normally be on. When the rifle trigger is pulled
LED 6 goes off for a fraction of time, LED 7 comes on during that in-
stant, and as the trigger is pulled all the way LED 6 comes back on and
remains on,

Rifle Mode Switch Test: The UIWT rifle mode select switch is test-
ed by observinc the operation of LED 8 and LED 9. In the semi-auto-
matic mode, LED 8 is on and in the automatic mode LED 9 is on.
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An internal dual “ifte:n volt power suppiy provides onerating
voltages fcr the UIWT is well as for the pre-amp receiver in thz
UIWT ~ifle. A cingle niiniature dry cell forty-five volt battery
within the test box su:plies operating power for the UIWT laser.

3. RIFLE SUBSTITUTIO": BOX

Jsing the rifie substitution box, it is possible to simulate
the ojerat-on ot a UIWT rifle on the instructor's console. It can
simul.ite a rifle being fired either in automatic or semi-automatic
mode, and can simulate the target information normally received by
the rifle': quacrant detector from the projected movie image.

"he rifle substitution box is connected to the instructor's
consoie via a T&B connector identical to that on a UIWT rifle. Power
“or tne test bo» is derived from the console. Operation of the
irigg:r switch and the mode switch are obvious. Capacitor C1 simu-
Tates the capacitor waich is internally mounted inside of each maga-
sine. It remains in the charged state via switch SW4 as long as
the test box power switch is in the "on" position. When the count-
ing circuit in the UIWT electronics indicates to the computer that
thirty rounds have been expended by allowing no more shots, the in-
sertion of a new magazine is simulated by momentarily engaging
switch SWI.

Target information is simulated by the status of four swtches,
SWS, SW6, S47, and SW8. IC1 is a free-running oscillator del vering
a square wa'e at a PRR of 96 Hz (which is the rate at which the
projected 1! Tarcet energy is chopped). The output of the oscillator
is delivere:! to ~he console via switches SW5 through 8 as simulated
rifle detector s gnals.

Referring tc¢ the schematic, Figure B-3, the adopted convention
for the four quacrant rifle detector is shown. Switches may be in-
dependently throvn to either ground (low) or to the 96 Hz positive
pulse output of :Cl1, constituting either a true or a false logic
signal to th: UIJT console. Any one of ten possible combinat ons of
hit or near niss»s can be duplicated by these four switches. For
example: Switchos SW3, SW4 "Low" and switches SW1, SW2 "High" will
be recorded by tne computer as a "low right" signal from the <imulated
rifle. Similarly, SW1, SW4, SWZ "High" and SW3 "Low" would s mulate
a UIWT rifle detector condition where IR energy is centered o1 those
quadrants. This information would be interpreted by the compiter as a
trainee having fired "Low" at the target.

4.  BORESIGHT BiX

The boresighit box, Figure B-4, allows the instructor to ini-
tia’ly check the closeness of UIWT rifle boresight alignment. A
frec running osc:.ilator IC1 with a PRR of 96 Hz delivers input pulses
to a Darlington .mplifier which consists of Q1 and Q2. The Darlington
amplifier pulses a high intensity incandescent lamp at 96 Hz. The
visible portion uf'lighg is filtered out so the rifle is aimed at the
black-outlined a ming pip on the box, fires the weapon, receives audio
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feedback results via his headphones, and adjusts rifle sights for
accurate alignment of front and rear sights,

Power for the boresight box is supplied externally via one
small, 12 volt rechargeable sealed-gel battery. The boresight
box can also be utilized as a marksmanship target. The instructor
simply enables the front pane)l "target present" switch allowing
the UIWT console to disregard target information from the movie
screen, and instead, to accept target information from the bore-

sight box.
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L1 TV B
. 0O64H
PO67H
206N
206RN
QOEDH
0870H
B3073M
207 3M
@07 3M
QA7RAH
QA7AH
aA3OH
20E5H
ORESH
@RECH
@osCH
00BFH
B09:5H
Qo9sH
aa9BH
OasEH
ORI
BOACH
QAACH
QORCH
ABRCH
VOHFH
BRE 2H
@OESH
Ok 3H
AAEH

Z91FH
1ZFCH
3I8AN
I80FH
333CH
2843H
V104H
Q1144
V194
B13CH
e152H
2160 H
3I84FNH
38560H
2851H
3852H
38S5xH
3354H
RQ17EH
A1L7FH
2R55H
2857TH
335%8H
Z8%59H
Q1L99H
v1B7H
385&H
Q1BFH
D240 H
BZRCH
QAT

A2C2H
AZ26EH

el
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
Mo
SYM
<YM
SvYM
SYM
Svyh

svm
R 4y
SYM
Sy
sv
sym
S
SYM
SYM
Sy
Sym
SYM
SyYyM
SvM
svym
SvM
SvYM
S'vM
SYM
SvYM
SYM
SvM
Svi
SYM
sym

R

‘-

79
=13]
81
82
8z
84
85
86
ev
8%
89
99
91
9
93
99
95
95 ’
@7
93
93
109
101
102
162
104
105
106
167
162
109
STRFTUPMODULE
MEMORY
INTERRUFTCRLL
HISTORY
NAME
DRTE
T1ONLIMBEF:
WHEH
UIWTID
1DENT
QUERY
TRAINEE:=
ONR IFLE
®
1
J
K
JK
IDFLRG
POFTSET
SETDAHTR
POINTEF
LENLTH
VALLUE
FINAL
LOUF
SIMILATERIFLES
RUNTYPE
STARTUF
SETINT
GETID
CLRDATE
QGETURTE
GET IONLMBER

) S0 M M W W W W Y W W W s e



AD=A103 725

UNCLASSIFIED

NAVAL TRAINING EQUIPMENT CENTEKR ORLANDO FL
UNIVERSAL INFANTRY wEAPONS TRAIMER (UIWT). VOLUME 1, M=
JUL 80 A MARSHALLs B SHAW: H TOWLE

F/G 19/6
16 RIFLE==ETC(y}




i,

P

e

G OGP G0 OGP P W 9 ra s s He BE Ge
' ---
-y

coreEe

T

S PH

LTI

9l 6H
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DLHSH
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vith e
it 7H
Lt VH
il
D1HEH
WilliFH
A1 FH
Ml HH
w1 S
Al
vl B

avi
LIN
LIN
LINM
LIN
[
LIN
LIk
LIN
Lt In
Lin
LIN
LIt
LIt
LItd
LIN
LIN
LIn
LIn
LIrd
LIt
LI
LInd
LI
LInd
1IN
LIn
LIN
Lin
CIM
LIN
LIN
LM
11K
LIN
LiN
Ll
LIMN
LIN
LM
LN
LiN
LiM
L1t
Lied
LN
I.IN
LM
LIN
LIN
LI
LIrd
Ll
LI
(2]
LI
LIN
1IN
LIN
L IN
LIt
LIN
Lot
LiM
t It

NI LN

el
o<l

23
29
29

f

Led b ab bad Lt

LW ENE LRt

H & bbbl
RV R R T

Mo &~

EN

IR I EARARAARRAN N L

I A RIS A TR I I,

(DU G GRS

P
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I2E 2N
P2EAH
O2F 7H
AZFEN
9303H
030:3H
o3+
0318H
@31ENH
832:M
032cH
e32eMH
03351
B33FH
0347H
934CH
0353H
o3évH
936°H
@3€CH
Q27 1A
P3ITEN
P3E1H
O3E7H
2395H
V39BH
B3AIH
B3R
O3REM
93BN
O3EEH
3.7

Q30L:SH
@3DEM
Q3ExM
Q3ERM
840:H
O4FH
941 1M
0416H
94:BH
043N
P4-7H
9437

P43FH
Q442H

391FH
385CH
3850H
383EH
3I8SEH
I8SFH
B44-H
Q45CH
B4€3H
O47EH
944+
@44=H
B447°H
B44EH
844FH
B45%H
B457H
Y45EH
A4TVM

LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN

<o

97

100

102

103

104

103

106

107

108

109

110

111

112

113

114

149

116

117

11¢

119

120

121

122

122

124

12%

12¢

127

12«

122

132

131

132

132

134

135

136

127

128

139

140

141
TIMERMOD'ULE
MEMORY
LSTIMEEYTE
MSTIMEEY'TE
TIME
LOMT IMEBYTE
HIGHTIMEBYTE
TIMERSTART
TTYTIMER
VOTRAXT IMER
CLOCKREAD
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Lol RN
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v 4E8H LIN
L 39 LIN
v LIN
uwdeDH LIN
wa7TiR LIN
vd~SH LIN
p47EH LIN
naTEH LIN
ad7HH LIN
UATFH LIN

13 S4M
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AdDAH =
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e
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A4 IH
adqc SH
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LIN
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RlFLhURlHﬂUDULE
MEMOR'Y

MESSRAGE

SCORIT
SHOTLUOICHT TON

- JLE

LECQE
IRSTSHOT

JLORE

HOUEF

PEEL

JOTHL TIME
VELTHTIME

+ ILE

F1FLE

FRPTH

SHOTHLAG
m1FLE 1D

P 1S TROBE
THRGtTﬂVH[LRBLE
TARGET
RIFLESHOT
GETPLFLEGHTR
SHOTIATH

UNRE -ILVED
WHOEHOT

MOWS HICK
IrDRITH
VOTPHANEqaﬁGGS
TURK EYDRATH
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B53CH
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eS88H
OSE&E8H
@392H
HS9RH
ASIFH
ASA4H
ASASH
ISB2H
ASEREH
ASBAH
WIHBFH
OS3C8H
as504H
aSD4H
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ASFAM
1S5FDH
WEADH
WE1LSH
EA1DH
ELSH
HE25H
HEZAH
WE2FH
NEIZH
11E3AH
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H63FH
HE44H
LE47H
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HWEEEM
HEPAM
HEOSH
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“E8CH
V5RO
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OSADH

LIN
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CIN
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VeF 1K
ASF2H
WEF 2H
a7ooN
7R
Q719
Az
wi27TH
O7IRAN
B73FH
a74sH
070
(A pel |
D7STH
WraYH
U7SEH
NTEIM

. A76AH

N7ERH
oY 78N
9733H
U79IsH
70N
LTLL7H
L 7LCH
A L]
a7DFH
1 SF =M
e
T21H
229H

B o IOl

yY
I
N
IXx

,
AR
ST

o
ap bbb L

_P". o %
muyunNn
I

S Gt
T S
bat =
nm
I

(R 75 S PR PX 3\ V)

,
!
X

T
L LA
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't

[, ]
VA LN
(R L ST ]
R N ;|

Sy Y |
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LI
LIN
LIN
LIN
LIN
LIN
LIN
Lin
LIN
LIN
LIN
LIN
LIW
LIN
LIN
LIN
LI
LIN
LIN
LIN
LIN
Lin
LIN
LIN
LIN
LIN
LIN
LIn
MOL
Swh
SymM
Sy
Sy
sy
SYi
S
S¥YM
Sy
S
SV
S
S
=ym
A A0
SvM
Sy
A
S
Sy
<vm

114
11~
111
112
11~
124
121
12.
12.
124
12"
12-
|
125
13%
121
132
123
134
1:9
138
17
13
133
148
141
144
149
143
147
143
143
199
151
152
193
154
1%
157
15
153
1e9)
il
CONSOLEMGULE
MEMIRY
HEL LG
1
L 4
Gos
TTYZET
TTYFES
YOTRAXSET
VOIFES
CIN
RY kLY
TRELY
wOuU T
ITEN
B110LMP
FREHTNUM
PRI1MT
POINTER
FINHL
LOOF
GREF TING
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2851
2855H
98519
08%DM
agsoH
8854+
Q&r8H
Qe:69H
RECOH
ae60H
Qe 70H
as?1iH
9e71H
2e73H
7o
@37
@37AH
A’7EMH
0382H
1I3BEH
VISAH
H38DH
H3OAH
Q391MH
Aag91H
89
O89CH
O3ALH
GRALH
HEeALH
WBRABH
WBAEH
BB8AFH
A8B3IH
ABEBSH
38BCH
HeL1H
Al 2H
238C2H
28C7TH
8leH
B3CeH
ascoH
B30LEH
QRECH
BeFcH
B8FoH
aaaaH
a9%a™H
o9 H
9911H
991:H
@91:M
A2t H
8931H
B93+H
PI3FH
3942+
954 3H
294 3H
9949
994-H
IS94DH

29IFH

il -
LIN 10
LIN 11
LIN 12
LIN 3
LIN 14
LIN 15
LIN 16
LIN 1?7
LIN i8
LIN 19
LIN 20
LIN 21
LIN 22
LIN 23
LIN 24
LIN <5
LIN 26
LIN 27
LIN 28
LIN 29
LIN 30
LIN 31
LIN 32
LIN 33
LIN 34
LIN 35
LIN 36
LIN 37
LIN 38
LIN 39
LCIN 49
LIN 41
LIN 42
LIN 44
LIN 45
LIN 46
LIN 47
LIN 48
LIN 43
LIN 50
LIN =3 §
LIN S2
LIN 53
LIN 54
LIN 55
LIN 56
LIN 57
LIN S8
LIN 59
LIN €0
LIN 61
LIN 62
LIN 64
LIN 65
LIN 66
LIN 67
LIN 68
LIN 69
LIN 70
LIN 71
LIN 2
LIN 73
LIN 74
MOD RESULTSMODULE
SYM  MEMORY
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oy

W U 0D 09 W9 We e

sou n
- 38D0-H
280" H
38C.H
380 H
IBDEH
2R24H
3s80AH
B94EM
BIBEH
B364H
a96BH
a974y
QAI7TBH
a988H
@391+
@aI9FH
BIATH
QaBIH
eABCH
AICEH
@304+
aIEEH
aIESH
©IFBH
GRBAN
orl2H
QHEEN
VARS0OH
GARC2H
HEZS4H
uESCH
IR
VWHZEH
MWAHZoH
IIHSEH
IHGSE6H
IREDH
AHEEH
yHBEH
AHEFH
AT 2H
ART3H
GRTENR
WRESH
WHSEN
WHSLH
aH3IH
AHITH
WRIOH
WHRBH
VRC2H
mHCZH
AN SH
VHUEH
ARD7H
BR0DH
SHEIH
OREAH
vsooH
aEOcH
vBACH
oei1gH
“BL9H
AB1FH
g 2aH

>y 2 arw

svM I

sym 2

SvYM SUMSHNTS

Sy NERRMIZSES

SvM HWVGTINE

SyM  LUONVRT

SyM  HEX

SYM FIFLELD

SYM TOTALHOTS

syM FIFLEHIT

SvYM HIFLEMISS

syM  RIFLELOW

syM RIFLELU“RIGNT
Syt RIFLERIGHT

sym QIFLEHIGHFIGHT
SYM RIFLEHIGH

svYm RIFLEHIGHLEFT
SYM RIFLELEFY

sSyM RIFLELOWLEFT
Sy FIFLETLURLEY
svm QIFLETHRDETIGNGRED
SvyM  BLANE

SvyM HOWMAN'PSHOTS
sSyM AVERAGET IME
SYM  UNITE

SYM YOURSCORE

SvM PRE$£NTR€SULT$
sy OMERIFLERESULTS
syt TYPELT

SyM SUM

syM SumMz

LIN <4
LIn zn
LIN 2’
LIM P
LIN &3
LIN s
LIN %1
LIN 4
LIN £
LIN £
LIN =5
LIN o8
LiN hittad
LIN HOC)
LIN r.A
LIn 1
LIN e
LIN (3
LIN red
LIN (2
LIN (=23
LIN a7
LIn (3~
LIN 9
L. IM 7o
LIN P
LIN 72
LIn 73
LIn L
LI %
Lin 76
Lin a4
LIN ’8
LIN 7’9

Lare i
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vbsart
oESoH
oB3I7H
aBICcH
OBSRAH
aB38H
AB8FH
BBYSH
vBISH
VB9FH
ABBSH
BBEROH
HBBFH
ARD2H
aelbSH
QEDENH
OBFcH
BOEF5H
aBFEBH
ac1L2H
aC1%H
BC1BH
BCz2ZH
AC3ISH
aczeH
WCS2H
BCSSH
BUSBH
acyoaH
AC75H
A_7BH
(=t o
BUYSH
aCoeH
BCEZH
DCESH
QCEEM
ol 2H
DM
wZleH
ACF 2R

ol1EH
A 2EN
abhziM
alb= i H
AlI-H
BiSa
abh7CH
B0E4H
absFH
hSeH
BO90H
B0ASH
ADHSH
BDAEH
VULEdH
BUEH
BUEEH
Bl M
QDU TH
aDr OH
SO

LiN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIM
LIN
LIN
LIN
LIM
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN

LIN
LIN
CIN
LIN

128

127
12¢
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
L45
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ovLvon i FaYYS
QDDEN LIN 147
o0D0OH LIN 148
@DDEH LIN 149

MOD  F INALMODUL E
3I91FH vM MEMORY
3ISDBH 3YM W
ADDFH =¥YM  FRAST
BE@SH 3vYM  LD0OD
. BE22H ZvYM  FHIR
i GE4SH 3¥YM  FOOR
k 3I8DCH SYM  TIMECREDLT
30DH 3YM M
BETEH SYM  COMMENT
BEDSH =¥vYM HXZRS
BDEH SYM  HEZADR
3I8EOH SYM  DECRDR
I8EZ2H =vM N
IREIH SYM M
FE2H YN COMPOSITE
AEESH SYM CulE

>y o9 ww

ooend [ antl]

i 8E4H S¥M  OUERALL
|4 IREEH BYM DECNUM
AEPEH LIN a
. EPEH LIN 14
] AERSH LIN 1z
) JESFH LIN 1z
HE94H LIN 14
b SESTH LIN 15
¢ VERZH LIM 17
) VEREH LIN 1%
) HERDH LIN 19
’ WEBBH LIN 2n
“ WEEER LIN 22
HECAH L IN 2z
. VECEH LIN 24
p GECSH LIN 25
e HECFH LIN 27
VEDGH LIN 25
VED4H LIN 79
I SEDSH LIN b2
NEDFH LIN 32
DEEDH L IN 3
. EFSH LIN 24
( FizH L IN 35
» WF24H LIN 35
JFZEH LIN 7
F3eH LIN 30
i IF4EH LIN 23
SFESEH LLIN an
WFSEH LIN a1 .
t OFELH LIN z 2
FEIH LIN 43 :
SFEZH LIN 45
GFREM LIN 46 ;
‘ OFCAIM LIN a7 R
OFCTH 1IN 4 %
WFDEH LIN S0 -
SFESH LIN S1 d
' FFAH LIN 5z :
OFFEH LIN 53 i
VEFSEH LIN =4 .
WFFOH 1IN bdal %
BazH I IN 56 Z
9a7TH LIN s7 %
HOL THTERRUPTY ;;
' c-11 4
b 4
e o AR ot i 270 53 s ARSI S e PO RSO AR A
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FH SYM  MEMOFY
B$:H SYM  INTERRUPTROUTINE
188:H LIN K

128 H LIN a
1311H LIN s
121°H LIN €

MEMURY MAP OF MODULE UIWT
FEA« FROM FILE -F1:UIWT THP
MKIITEN TO FILE F1: UIWT
HOCy 1ILE STRART ACCRESS @0alH

STARET STOP LEMNGTH REL MNAME

v aH 1H A RBSOLUTE

IH  LBAFH 19RAFH A ABSOLUTE
1ZFvH  13FEH 2H A ABSOLUTE
c-12
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ISI -11 IXREF UIWT VERSION 1 2 INTER-MODVRLE CROSS-REFERENCE ok

ISI'~11 IXREF, Vi 1

INVOKED BY:

-IXEF FL:e 1<] TITLEC'UIWT VERSI N 1 2 INTER-MIDULE CRES-REFERENCE’) 4
PRI :TC.F4 UINT REF)

INT_R-MODULE CROSS-PEFEREM E LISTING

—-—— ——

€. . . . ATTRIFUTES; ODULE AMES

wDER . . . STRUC.URECS); RIFLEJATAMOLWLE RESULTSMODULE

HGTIME ADDRE 'S; RECULTSMODRE FINALMODULE

tITOUMP . . . PROCEVURE  (UNSOLEMIDULE STRRTUPMIDULE

CIN L . PROCE.'RE B\IE; COSOLEMIOWLE TESTPROCMODULE  STARTUPMODULE

COCKREAD. . . PROCELURE A(ORESS: TIMERMODWLE RIFLEDATAMODULE TESTPROCMODULE MAINUIMTMNALE

(OMENT. . PROCE(URE; FINALMODILE RESULTSMODILE

COPOSLE . PROCECARE; | INALMODILE  REULTSMODULE

wr . .. PROCEDURE; (ONSOLEMIDULE RIFLEDATAMODULE TESTPROCMODULE MAINUIWTMODULE  RESULTSMOOULE
STARTUPMODULE  FINALMODUL £

ATE . . ... BYTEUR); STARTUPMODWLE  FESULTSMODULE

CECIML . . . BYTE(D)  RESULTSMODLE CUNSOLEMODULE  STARTUPMODUL F

tLTATIME. . ADDRLSS:  RIFLEDATAMIDULE  MATNUIWTMODULE

ONE . PROCENURE;  TESTPROCYODULE  TESTMODILE

"RIL . PROCEOURE;  TESTPROCYODULE

ILE : BYTE. RIFLEIATAMODUE RECULTSMODULE STRRTUPMODIRE FINALMODULE

IRSTSHIT. . . . BYTE'); RIFLEDATRMIDILE MAINUINTMODULE STARTUPMIDULE

PIR . v BYTE.  RIFLEIATAMODULE

ETRIFLEDATA = . PROCE'URE; + IFLEDATAMODULL MATNUIWMTMODULE

REETING . PROCEDURE; { (NSOLEMIDILE MAINUIKTMODULE

CISTORY. . . BYTE(S); STFRTUPMODILE R.FLEDATAMODULE

AR5 . PROCE ARE;  F INALMOD'LE

WFLAG v BYTE; STRRTUPMODULE RESUL TSMODULE

DNUMBEY . BYTEC™); STARRTUPNODILE RESULTSMONALE

NTERRUH TROUTINE PROCEIURE, INTERRUPT?  STRRTUPMODULE

STEST . . . PROCEIURE; “ESTPROCMODULE TESTMODMLE

(STIMEB'TE . . . BYTE:  TIMERIDWLE

TATINEBTE BYTE: VIMERMODWLE

2, I o STRUCTURE(S).  STRRTUPMODUL ©  RESLR TMODILE

1 ARMIS ES . BYTE; RESILTSMODULE FINAL Y0DULE

F RTSEY . . PROCEIURE; STARTUPMODULE TESTPROC #IDULE

FESENT £ALTS  PROCEIURE; FESULTSMOOULE  MATNUIWTMODULE

b INT . PROCE( JRE, ' ONSOLEMOU LE  TESTPROCODILE PESILTSHWLE STAPTUPMODILE  FINALMOOULE

TN . PROCE[URE; + INSOLEMODLE  TESTPROCMODULE  PESULTSMAYLE

¢ ST o PROCEIRE, ++ UNRESOLVED ¢ TESTMIDILE

FoALGON . BYTE: MATNUIZTMODULE  STRRTUPMODWLE

RIFLE. BYTE, RIFLE( “TAMODILF RESIHLTSMODIRE  FINALMODULE

FIFLESHIT . PROCEIURE B:\TE: RIFLEDATAMODULE MATNISINTMODULE

b NTST . PROCETURE; -+ UNRESO VED o= TESTMIULE

CATIN . PROCEIURE; s UNRESOI VED »+ TESTFFOCMODULE

ORE STRUCTURE(S). RIFLED:TAMODIAE RESILTSMODU E  STARTLPMODULE  FINALMIDULE

« TDATH . PROCE(URE; * TARTUPMONLE FIFLEDATMODULE  MATNUIWTMOOULE

CHOTFLA, . . BYTE;  RIFLEIATAMODALE  STARTUPMODU E

- HOMMOR<.T PROCE ME; | IFLEDATAMODULE  MAINUTHTMODULE

RED. STRUC URE(S).  RIFLEDATAMONULE  RESI®.TSMODULE  STAKT! PMODULE  FINALMWIOULE
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STRRTW. . .
SUMSHOTS . . .
THRGETAYRILABLE.
TARGETIOMNTINE .
TARGE Tt XPECTED
TARGETTINE .
fesy . . .
TFLAG

4, 3 .
TIMER-TART . .
TIMEF EST.
TRAIN . |
TSTCH K

TTYRE - .
TIvSEr . . . .
TIYTiER .
TURKe Y .

TARDY
UPIS1<0BE
USRRTTEST. .
VOTRHXSET
VOTERXTIMER.
VOTRES . .
WHOFHILEDTOSHOOT

P XULE DIRECTORY

UINT VERSIOM 1.2 INTi v-MO0 LE CROSS-REFERENE

PROCEDURE; . TARTUPMOUALE  trt INUTK THODWLE

BYTE; RESULTMOOWLE FINALMIDULE

PROCEDURE B-TE; RIFLEDATAMODULE MAINUIWTMODULE
ADDRESS;  MAINUINTMODILE

BYTE, MRINU!NTNODULF

ADDRESS:  WR°NUIWTMO(-ILE R'FLEDATAMODLLE

PROCEQURE;  ESTMODIRE  MATIWINTM OULE

BYTE, MAINU'WTMODUL! RIFLI DATRMODULE  STARTUPMODULE
ADDRESS;  TIHERMODULE

PROCEDURE;  « IMERMODULE  TESTPROCMODULE  MAINUIWTMODULE
PROCEDURE;  TESTPROCM(DILE  TESTMODULE

BYTE, MAINUINTWODIRE STARTUPMODULE  INTERRUPT?

BYTE, TESTPROCMODLLE MAINUIWTMODULE

PROCEDURE;  CONSOLEMODULE TESTPROCMODULE  RESULTSMODULE
PROCEDURE; CONSOLEWOWLE  TESTPROCMIDULE  STRRTUPMODULE
PROCEDRE; TIMERMODILE TESTPROCMODULE CONSOLEMODULE
BYTE; MAINUINTMODWLE RIFLEDATAMWIDWLE STARTUPMODILE
PROCEDURE;  CONSOLEWOULE  TESTPRICMODULE  MAIMUIWTMODULE
PROCEDURE; RIFLEDATAMODULE TESTPROCMODULE STARTUPMODULE
PROCEDURE;  TESTPROCMODULE  TESTHMODWLE

PROCEDURE;  CONSOLEMODULE  TESTPROCMODILE

PROCEDURE;  TIMERMODLLE TESTPROCMOOWLE  CONSOLEMODULE
PROCEDURE.  CONSOLEMOOULE  TESTPRICMODULE  MAINUIWTMODULE
PROCEDURE. RIFLEDATAMODULE  MRINUIWTMODULE

MUOULE MrE. FILE N#E  DISKETTE NAME
CUNSOUEMCOULE. CONSOL. PLM  UINT. TST
FINALMODUILE . . FINRL PLM  UINTL 3
INTERRUPY 7 INTER LM UIWTL
MAINUINTMOOULE . MRINUL PLM UINTL 2
RESULTSMOOULE. RESULT. PLM  UIWTL
RIFLEDATHMODILE.  RIFLE LM UINTL 3
STRRTUPMOLLE. START.PLM  VINTL
TESTMOOW € . . . TESTER PLM UIWT. TST
TESTPROCMIDILE ~ TSTPRC. PLM  UIWT. 157
TIMERMOCLE. . TIMER PLM  UINT. 75T
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FL 139 COMPILER LFE: 79 PAGE

ISIS-11 PLM-80 V3. 4 COMPILATION OF MOOULE MATH UINTMODL!E

UBJECT MODILE PLACED IN 'F1:MAINUI. 08)
COMPILER INVOKED E¥:. PLMB® Fi:MAINUI PLM 1YPIF DEBUG DATE (4 FEB 79)

/¢ THIS PROGRAM WRS WRITEN BY H ©. TOMLE [N THE WINTER A SPRING OF 1978 #/
/¢ 17 ASSUMES THE SYSTEM HAS BEEN RESET FRIOR TO RUNNING o/
/¢ THIS MIDIFICRTION. WHICH RESULTS IN R THANGE TO UINT ' RSION 1 2

RESULTS FROM THE REQUIREMENT TO SHOM THE WORST SHOOTEF o/

1 MRINSUINT $MOOULE
Do,

2 SHORSWORS T PROCEDMPE EXTERNAL:
302 END  SHOL.SWORST

4 1 DECLARE LEARSACTI™'LATOR BYTE A (8) DATA/GAFH): /» BFH EXCLUSIVE OR
HOCUMUL: ' TOR WITH ITSELF*/

5 1 TYHOY: PROCEDIRE €-TERNAL. /s - HECKS USART TRANSMIT BUY FER FOR "EWPTY" o/

6 2 END TXROY;

- VOTRES: PROCEDURE EXTERNAL; /¢ 'OTRAX RESET. SEE CONSOL “MODULE +/
8 2 £ VOTFES.

“-d
-

9 1 COIT PRICEDURE (ITEM) EXTERNAL. /7 SEN S A BIT QUT THRIGH USRRT s/
19 2 DECLARE TTEM BYTE.

1t 2 END COUT.
12 1 DECLARE '/SARTSCONTPOL LITERALLY "GEDH’, /¢ ADDRESS OF U #RT CONTROL P 3-32 o/
USARTSRESET LITERALLY ‘4oH’; 'e RETURNS 8251 T0 MODE INST FORMAT
REF PAGE 3-12 «/
13 1 STRRTSUP  PR'» EDURE € <TERN- . /s ET 1/0 FOR RIFL: ETC. »/
14 2 END;
15 1 TARGZTSAVRILAE . € PROCEDURE BYTE EXTERNAL; /= CHECKS FOR AN [R SPOT
IT RILL RETURYN 1 IF IR SPOT I€ FOUND. o/
w2 END;
A | TIMERSSTART FROCEDUF- EXTEMNAL; /+ START 8253 REGISTERS »/
s 2 END,
Y1 CLO KSREAD PP CEDUPE RDORESS EXTERMAL: /¢ RERDS CL1ik FOR TARGET 2 SHOTS o/
v 2 (3,1
1 1 RIF E$SHOT PP ICEDURE EVTE ( XTERNRL /¢ WRITS FOP aNY RIFLE SHOT 4/
2 END.
301 GETSRIFLESDATF PROCEORE E{TERNAL; ‘¢ READ & RECOF TNPUT BYTE ¢/
4 2 END
S 1 SET$ ATA- PROCE ARE (POINTEF. LENGTH VALUE) EXTERNA
% 2 DEC _ARE POINTIR RDDRESS, ¢ ENGTH, vt ) BYTE,
e END SETS$OATA.
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L/%-80 (OMPILEH -
28 1 PRESENTSRESIL.TS: PROCEDURE E-TERNAL;  /» OUTPUTS DRTA TO CONSTLE o/
2 2 N;
d 1 DECLARE T TCHECK BYTE EXTERNAL;
1 1 TEST: PRO: EDURE ¢ XTERNAL,
3 2 N TES™S
KX | DECLARE FOREVEF LITERRLLY “MNILE 1/;
4 1 DECLAFE COUNTERSSET LITERALLY ‘OERSFW’;
H 1 DECLAFE. (TRAINING, Ix) BYTE.
¥ 1 DECLAFE TRATH BYTE PUBLIC AT C TRAINING):
7t WHOSFF ILEDSTOSSHOOT  PROCEDRE EXTERNAL: /# IDENTIFIES WHICH RIFLE MISSED
A TARGET SHOT OPPORTUNITY »/
38 2 END;
9 1 GREETING: PROCEDURE EXTERNAL; /s PRINTS GREETING TO CONSOLE »/
9 ¢ END;
4 1 TUPKEVSTEST" PROCEDURE; /+ CHECKS FOR A 1 SECOND TIME ELAPSE SINCE TARGET DOMN */
4 2 IF TARGETSOOMNSTINE >= CLOCKSRERD THEN
492 2 DELTR$TIME = TARGETSDOMNSTIME - CLOOK$RERD;
ELSE
4“4 2 DELTASTIME = 1 + COUNTERSSET + TRARGETSDOMNSTIME ~ CLOCKS$RERD:
49 2 IF DELTRSTIME > 209 THEN
o 2 TURKEY = 4;
447 2 ELSE TURKEY = 0;
44 2 END TURYEVSTEST;
9 1 DECLARE. DELTASTINE PODRESS EXTERNAL;
e 1 DECLARS. FIRSTSSHOT(S» BYTE EXTERNAL;
M 1 DECLARE TRRGETSDOMNS TIME ADORESS PUBLIC;
% 1 DECLAFE (TARGETSEXPECTED, TFLAG, REALSGONE) BYTE PUBLIC;
9 01 DECLAFE TURKEY BYTE FUBLIC:
M1 DECLARE TARGETSTINE ADDRESS PUBLIC:
/v END 0F DECLARATIONT +/
7+ ERXRERY + KEEEEY £EES PROGRAM STRRTS /
1 TEC T$BOARC SCHECK . DO;
2 IF TSTCHECK THEN /¢ [F ROM E-TENDER BORRD 1S NOT PRESENT, THE 68/20 TIMES
OUT AND WILL READ 89 INTO THE ACOUMULATGR s/
5 2 CALL TFEST; /<PERFOPM 98/29 BOARD CMECK=/
% 2 END TESTS$EOARDSCH CX;
9 1 UIWTSPROGE WM. DO "OREVEF
0 2 INITIALIZE
(ALL TIMERSSTART.
61 2 CALL ST TSUP;
62 2 CALL GRE' TING:
e 2 CALL TXRLY; /s JNSURE "GREETING" MAS BEEN COMPLETED o/

1 FEB 74 P&I*
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CHLL VOTRES; ‘s SWITCH TO VI'TRAX LINE & CHANGE TO 94 BAID ¢/
TRROETSDNNSTIME = CLOCKSREND + 200, /¢ FOR TURKE Y TEST s/

SESSION-
DO WHILE TRAINING, /s WE WILL END MITH AN *ESCAPE® FROM CONS(H E »/
IF TARGE1SAVATLABLE (R RIFLE$SHOT THEN
ACTION: DC. /¢« EITHER A RIFLE SHOT (R A TARGET AVAILABLE »/
IF TARGETSRVRILIBLE THN
GOTSONE . [0;
1F NOT YFLAG THEN
NEMNSOME - [ /% H NER TRGET HRS RPPEARED »/
"ARGE TSTIME = CLOCY $READ;
RERLSGONE = ©;
TFLAG-1:
TUREY = &
END NEMSONE;
IF RIFLES HOT THEN
GOCOSDATR CRLL GETSKIFLESDRIA;
END GOTSONE;
ELSE /% £'.SE THERE IS NO TARGET, BT A SHOT WAS FIRED */
NOSTARGET DO
CRLL TURY EYSTES |,
CALL GET PIFLESTRTA;
EN NOSTARGET;
END XY ION;
ELSE /# ELSE THERE 'S NEITHER A TARGET NOR SHOT =/
NOSACTION: DO;
IF TFLAG THEN /« THAT 1S. THERE WAS = TRRGET ON LAST PRSS */
TGONE: D0:
TARGET SDONSTIE = CLOCK<ERD;
TFLAG = 8;
END TGONE:
IF NOT REALSGONE THEN
WRITSONE : DO:
CALL TURKEVYSTEST.  /+ € WILL HOL[ RERLSGONE=0 FOR ONE SECOMD »/
IF TURYEY THEN /* WE S RE "TARGET 'GNORED® ONLY IF REALSGONF-1 ¢/
RECORDSGOME  DO;
REALSGONE = *.
CALL WHOSFRILEDSTOS SHOOT;
CALL SETSDATAC FIR TSSHOT,S5,1). /s NEXT SHOT AT A TARGET KILL BE TIMED +/
CALL SHOMSWORST;
END RECORDSGONE ;
END WRTTSONE .
END NOSACTION;
END SESSION:

ENDING
CRLL PRESENTSRESIATS.
A DROY.
QUT=UT (USAPTSCONTROL ) =1 ISAK TSRESE T

ENL UTWTSPROGRAN;
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PL/-88 COMPILEF 1B G

9y 1 D MAINSUINTIMODULE;

MOD-LE INFORMAT 10N-

CODE AREA SIZE = 01834 259
VARIABLE ARER SIZE = 0OORH 16D
MAXIMUM STACX SIZE = AGB6H ()
167 LINES READ

@ PROGRAM ERROR(S)

Eh: OF PL %80 COMPILATION
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IS1S- 1 PL/M-88 V3 1 COMPILATION OF MODULE STARTUPK IDULE
0BJE( i MODULE PLRCED IN :F1:START 0BJ
COMPI-ER INVOKED BY: FLMB® :F1:START. PLM IXREF DELUG DATE (25 JUN 79)

(X}

0~

18

1

12

13

14

SNOINTVECTOR
STARTSUPSMODULE : DO
BITSDUMP  PROCEDURE EXTERNAL; /¢ IN CONSOLESMODALE /
END BIT$DUWP;
DECLAPE INTERRUPT? LITERALLY “13FCH.
CALLSIT LITERALLY ‘OC3H’;

OECLAHE INTERRIPTSCALL STRUCTURE (JUMP BYTE, WHERESTO ADDRESS) AT (INTERRIPT?)
DATA (CALLS]", INTFRPUPTSROUTINE ;

DECLARE LIT LITE ALLY “LI7ERALLY .

RESETS8212 LIT OFEH',
ENRBLESIL LIT “10H7.
PORT LIT ‘QE6H ,
PORTE LIT ‘GERH ,

GROUPL LIT “@E7H', .+ 8255 CUNTROL REF. PAGE 3-68 OF £8/27 MANUAL +/
WORD1 LIT ‘92H’ /s FPTS 1 & 2 INPUT, 3 ONTPUT ALL MODE @ PAGE 4-13 -— #/

GROUF2 LIT ‘@EBH’, /¢ PAGE 3-68 &/
WORD: LIT “88H‘ -+ PORTS 4,5 & 6 ALL OJTPUTS MODE 8 »/
USARY SCONTROL LT “8ED+", /% PRE 348 +/

USARY SRESET LIT “48H’, /¢ INTERVAL RESET PAGE 3-43 »/
MODESSET LIT “@7EW/, 7« SETS 2 STOP BITS, 8 BITS, 16X PAGE 3-38,-41 & 4-48 »/
¢ USE 4FH FOR 1 STOP BIT, 8 BIT WORD & £4X #/
COMS-ADSWIRD LIT “27H/ /= SETS TRANSMIT RECEIVER READY.
DATA "EFMINAL RERDY. REQUEST TO SEND. »/
/% SEE PR-E 3-43 10D STEP 4B OF MOS MONITOR SHAD W PROM s/
DECL'RE DECIMAL(3) BYT™ EXTERML;
DECLAYE HISTORY(S) BYTE PUBLIC: /e T4IS MILL
IDENTIFY W4ICH RIFLE WAS SHOT AT R PARTICULAR TAPET s/
DECLA-E SCOPE(S) STRUCT RE (MISS BYTE. HIT BYTE, LOW BYTE, LOWSRIGHT BYTE
»IGHT BYTE, HIGHSF GHT BYT:, HIGH BYTE, HIGHELEFT BYTE,
LEFT BVTE, LOWSLEFT BYTE, RROR E-TE, TURIEY BYTE,
TARGETS IGNORED BYTE) EXTER #L;
DECLARE (SHOTSFLAG, TURYEY, FILE, TFL4G, RERLJGONE) BYTE EXTEPNAL,
FIPSTSSHIT(S) BYTE EXTERNAL,
SFLED(S) STRUCTURE(SHOTS BYTC, TIME sSUM RDDVESS) EXTERNAL.
DECLARE TRAIN BYTE EXTERNAL:
DECLARE ADICWY LITERAILY ‘00, . « REF PROE 3-108 »/
ADICKZ LITERALI Y ‘@0’;
DECLARE 0CML LITERALL" ‘7PN’

OECLARE CRLF LIT “¢0H. 801,
NRE (3 STRUCTURE ¢ ETTER(9) BYT:) PUBLIC.
DATE (17) BYTE PUBLI .,

c-19
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F~ .m0 L PILER
/ IDSNUMBER (7) BYTE PUELIC,

PROMPT LIT “38H',
MHEN (16) BYTE DATAC1S. “TODHY“S DATE?’, CRLF),
UINTS$ID (21) BYTE DATR (28, UINT/SWAT VER 1 3‘,CRLF), /# CHANGED 6/25/79 ¢/
/¢ TIMES FOR *FRST®, “SLON". ETC IN "FINAL PLM" MERE INCRERSED ¢/
) /% AT AL MARSHALL’S INSTRUCTIONS. A CHANGE 1S ALS) BEING MADE »/
/¢ IN THE "SHOWSMORS '® PROCEDURE IN RIFLE PLN TO AVOID THE s/
/¢ PROBLEN WHEPE ONLY FOUR RIFLES ARE SWOOTING ==> RIFLE #5 1S +/
/¢ THE WORST BECAUSE OF ALL THE TARGET IGNOREDS & THERE IS NG »/
/¢ RIFLE €3 "WORST-RIFLE® LIGHT. +/

IDENT (19) BYTE DATA ' 18, ‘EXERCISE NUMBER?’, CRLF),

QUERY (22) BYTE DRTA (21, ‘WANT 10?7 YES OR NO. /, CRLF),
TRAINEES (26) BYTE DRTA (25 ‘ENTER NAMES OF TRAINEES’,CRLF).
ONSRIFLE (10) BYTE DATA (9, ON RIFLE ),

% 1L J,K JK) BYTE,

ID$FLAG BYTE PUBLIC;

15 1 TTYSSEY- PROCEDURE € XTERNAL;

16 < END TTYSSET, /¢ UCED ONLY WHEN USART IS IN RESET CONDITION +/
17 1 CIN- PROCEDURE BYTE EXTERNL;

13 ¢ END TIN:

v 1 COUT PROCEDUPE CITEM) EXTERNAL:

a2 DECLARE 1TEM BYTE;

21 2 e oouT;

2 1 PORTSSET: PROCEDURE PUBLIC.

28 2 QUTPUT(GROUPL)=HORDL; /¢SET CONTROL MORD INTO GROUP 1 170 POKTS »/
4 2 OUTPUT(GROUP2)=HORD2; /«SET CONTROL WORD INTO GROUP 2 1/0 PIRTS =/
5H 2 END PORTSSET;

% 1 PRINT- PROCEDURE(PTR) EXTFPNAL;

a2 DECLARE PTR ADDRESS;

e 2 END PRINT;

5 I | SET$DATA: PROCEDUF ~(POINTER, LENGTH, VALUE) PUBLIC;

n 2 OECLARE <POINTER FINAL: ADDRESS,

(LENGTH, VALUE SET BRSED POINTER) BYTE;

a2 FINAL = POINTER * LENGTH - 4;

[ LOOP- DO MHILE POINTER (- FINAL;

3003 SET = WALUE;

4 3 POINTER = POINT R+4;

9 3 END LOOP;

v 2 END SETSDATR

PR | [NTERRUPTSROUTINE  PROCED PE INTERRUPT 7 EXTERNAL;

xo2 END INTERRUPTSPOUTINE

3= 1 \PISSTROBE: PROCE/ARE EXTE FNAL;
“w 2 END UPIS$STROBE,

“q 1 SIMA ATESRIFLES : FROCEDUR! .

@2 2 OUTPUT(PORTE)=@; /¢ "ELL UP1-41 TO SIMALATE RIFLE DATA ¢/
43 2 CALL UPISSTROBE.
“ 2 €00 SIMALATEMRIFL_ES:
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DECLARE CTRLY LIT 14H‘, RNSTYPE BVTE:

/esenrresnsrsees END OF [ECLARATIONS = /
STARTSUP: PROCEDURE PUBLIC;

CALL SETSORTA(. SOOVE, 63, 0);

CALL SETSOATR(. HISTORY. 9, 9);

CALL SETSDRTA( FIRSTSSHOT.S.1);

Cﬂ.L SE‘MH( m' 15:0)5

CALL SETSDATR( DECIMAL, 3,9);

TURKEY = @;

TRAIN = 1,

TFLAG = &

SHOTS$ALAG = 6;

FILE = 1. /¢ WHOSSHOT FIRST INCREMENTS FILE, W0OS (DIVIDES) BY S,
I.E 5/5=1 WITH REWAINDER = @ NOW, FIFLE=FILEM,
SO ME STFPT WITHRIFLE ML "' o/

REALSGOME = 1, /¢ TAPGET MAS NIT BEEN AYRILABLE FOR OVER 1 SEM s/
CALL PORTSSET;

QUTPUT(PORT3) = M T RESET$8212; /% WILL CLEAR ALL 8212 DRTF

LATCHES FOLLOWING STROBE s/
QUTPUT(PORTE) = ETABLESI 11;  /# THE LEADING EDGE OF THE STFRE »/
QUTPUT (PORTE) = 8. /¢ THE TRAILING EDGE  «/

00 JK = 9 70 13; /¢ CLFARS THE JK FF DATR LATCHES ¢/
OUTPUTCPORT3) = NLT JK AHD OFH;

OUTPUT(PORTE) = ENBLESY 11;

OQUTPUT(P¥TE) = 8;

e);

DISARLE;
CALL TTVSET:

SETINT: QUTFUTCRDICHL)=(LIW(INTERRUPT?) AND OEBH) + 1FN;
OUTPUT (RDICH2)=HIGH! INTERRUPT?),
QUTPUT(RDICH2)=0CN1: /# MASK ALL BUT INTERRUPT 7 ¢/

/¢ WE NOW OBTRIN JOENTIFICATION DATA FOF THE SESSION, IF NEEDED «/

CALL COUT(BDH): /8 (P o/
CALL COUT(ORM). /e \F &/
CALL COUT(ORY)

CALL PRINT(C UIWT$ID);
CALL COUT(BAM),

CALL PRINT( QUERY),
CALL QUTPUT (PROMPT);
*=CIN

PNSTVRE = X;

CALL COT(X);

/¢ SIvE INPUT FOF IDENTIFICRTION OF CONTFOL T o/
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183
104

1
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18/
169
111
11
113
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11¢
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CALL COuT(oDn);
ORLL COUTCORMD;  /» CR,LF &/
ID#FLAG=0; /% CONTROL FOR 1D PRINT-OUT AT END OF SESSICN s/

F X =Y THEM
GETSID- 00;
1DSFLAG=Y,;

CLRSOATE: ORLL SETSDATAC. DATE, 12,80H); /¢ CLEARS "DATE* ¢/

CALL PRINTC. WHEN);
CALL COUT(PRONPY);

DATE(B)=14;

GETSDATE-

0N J=1 10 9;
X=CIN:
IF X=60H THEN 1=9;
CALL COUT(X);
DATECI) = %

END GETSDATE;

CALL COUT(BDH);
DATE(11) = OAH; /¢ LF »/
CALL COUT(ORM);

CRLL SETSORTAC IDONUMBER, 7,80H), /¢ FILLS *ID MMBER® WITH (R o/

CALL PRINTC. 1DENT);
CALL COUT(PROMPT);

CALL BITSOUNP; /e CLEAN OUT USART INPUT BUFFER o/
IDSMIBER0)=6.

GETSIDSNUMRER: 00 I=1 70 . 7% R 4 PLACE *ID" o/
X=CIN;
If X=00H THEN 1=4;
CALL COUTEX);
TOSNUMBER( ) =;
END GETS1DSWMMBER;

CALL OM!T(eom>;

IDSNUMBER(6)=0RN;

CALL COUT(OR);
CRLL SETSLATAC. NAME. 45, 90H); /¢ FILLS NAME MATRIX NITH CR o/
CALL PRIN"C. TRRINEES);

GETSNAIES :
00 129 T0 4; /¢ FOR FIVE TRAINEES ¢/

CALL PRINTC. ONSPIFLE),
TALL COUT: 3t D).

25 N9 Pﬁ;
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CALL (OUT(BDH);

CALL (QUT(@AH);
CALL TOUT(PROWPY),
CALL E1TSOUMP;
NAMEC]). LETTER(9)-8;

00 J-1 TO 6 /7« GETS NAMES UP TO 6 LETTERS LONG »/

¥CIN;
IF X-60H THEN J=6:
NARIECD). LETTER(D)=X;
CALL COUT(X);
END ONESNAME,
CRLL COUT(@DH); /e (R &/
NAPE (D). LETTER(B) = BRM; /¢ LF &/
CALL COUT (8AM);
END GETONRFES:
€0 GETSID;

IF RUNSTYPE = CTRLT THEN
CALL SIMALATESRIFLES.

EHD STRRTHUP;
END STARTSUPSMODULE;

MLAALE INF.RMATION:

CODE PEA SIZE = 033FH 831D
VRRIfrE AREA SIZE = GBSM 820
MRAIP M STACX SIZE = 0004H ®
248 | MES REFD

@ PR RAM ERROR(S)

£ OF PL/+-88 COPILATION
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ISIS-11 PL/M-88 V3. 1 COMPILATION OF MODULE TIMERMODULE
0BJEC[ MODULE PLACED IN :F1:TIMER OBJ
COMPILER INVOKED BY PLMB® F1 TIMER PLK DEBUG IXREF DATE (23 OCT 78)

16
1?7
1€
19

2
23
24

(S

-

NN ORN e RN RN

LS B I N N

TIMERSMODILE - DO;

/¢ THIS MODULE SETS THE 625 MODES AND READS REGISTERS. NOTE THAT ALL
THREE 8233 GATES MUST BE HITH' ALL PAGE REFERENCES ARE TO THE 88/20
REFERENCE MANUAL 98-317C o/
DECLAPE LIT LITERALLY ‘LITERALLY‘,

COUNTER® L1T “80CH’, COUNTERL LIT ‘80DH’,

COUNTER? LIT ‘@DEH’. CONTROL LIT ‘G0FH’; /s SEE PAGE 2-7 o/
DECLARE ONTROMODE LIT ‘34H‘. /s 2 BYTES, MODE 2 PAGE 3-76 »/
CNTRIMODE LIT ‘744’ /¢ 2 BYTES, MOOE 2 o/

CNTRZMODE LIT ‘9B6H’; /% 2 BYTES, MODE 3 ¢/

/4THE FOLLOWING 2-BYTE MORDS ARE THE "BAUD RATE FACTORS" TRELE 4-34 P 4-48 o/

DECLARE LOMO LIT ‘0. /¢ COUNTER @ PERIOD IS § MILLESECONDS o/

HIGHD LIT “{SH",

LOWL LIT “SFW’, /¢ COUNTER 1 PERIOD IS 5 MINUTES =/

HIGHY LIT ‘QEAH’, /8 =5 NN = A8 (SEC/MIN) / 985 SEC -1 IN HEX o/
/eserenssSET UP FOR 300 BAD) xeesesssesrss/

LOM2 LIT ‘9E@H. /¢ COUNTER 2 FREQUENCY 1S 4. 8 kKNZ #/

NIGH? LIT ‘@@’. /= SEE PAGE 3-38, AND NOTE THAT THE 8251 IS SET FOR 16X */

LONSVOTRRX LIT ‘O7H",
HIGHSVOTRAX LIT ‘@BH"; /s SETS VOTRAX OUTPUT TO 9600 BAUD ¢/

DECLARE TINESLATCH LIT ‘48H’,  /« R COUNTER 1 LATCH PAGE 3-84. */
(LSSTIMESBYTE. MSSTIMESBVTE) BYTE PUBLIC;

DECLARE TIME ADDRESS PUBLIC;

DECLARE LOWSTIMESBYTE BYTE AT (. TIME), HIGHSTIMESBYTE BYTE AT C TIYE ¢ 4).

TIMER$START - PROCEDURE PUBLIC;

QUTPUT (CONTRNL ) =CNTRIMODE ; /% SET COUNTERS 8 & 1 MODES /
OUTPUT (CCONTROL »=CNTR{MODE ;

OUTPUT(COUNTERS)=LONS; /¢ INITIALIZE COUNTERS s/
OUTPUT (COUNTER®)=H 1 GHO;

OUTPUT (COUNTERL )=LOW1;

NUTPUT (COUNTERY )=H ! MY

END TIMERSSTART;

TTYSTIMER: PROCEDURE PUBLIC:

OUTPYT (CONTROL ) =CNTR2M0DE;

QUTPUT (COUNTER2)=L (W2, /¢ WORDS FOR 390 BAUD ¢/
QUTPUT (COUNTER2)=HI(H2;

END TTYSTIMER:

VOTRA> STIMER - PROCEDIRE PUBLIC:  /» SET VOTRRX T0O 9680 EAD o/
OUTPL T(CONTFOL Y=CNTP2MODE .

OUTPLT(COUNTER2) =t (WSVOTRIX,

OUTPUT(COUNTER2)=H [ HSVOTRAX;

END VOTRAXST | MER;
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M6 COMELLER

% 1 CLOCKSREAD . PROCEDUPE ADDRESS PUBLIM: /e GETS THE CONTENTS OF (OUWTER 1 »/
27 2 OUTPUT(CINTROL )=TINESLATCH.

&2 LOWSTIMESBVTE=INPT (COUNTERL);

& 2 HICHSTIME $BYTE=INP T (COUNTERL);

N2 RETURN TIME;

n 2 END CLOCKSRERD:

21 B0 [THERSMIDULE,

MOOULE INFORMATION:

CODE ARCA SIE = 96N
VRRIPALE AREN SIZE = BO0MH
WAXINUN STACK SIZE = 800AH
39 LINES RERD

8 PRIGRAN ER-OR(S)

END OF FL.M-80 OO PILATION
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ISIS-11 PL/M-8) ¥3. 1 COMPILATION OF MODULE RIFLEDATAMGDILE

OBJECT MODULE PLACED IN -F1:RIFL- . O0BJ
COMPILER INVOKED BY: PLMI® :Fi “IFLE PLN IXREF DEBUG DATE (25 JUN 79)
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220 kB &

16

3

2
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RIFLESDATR$MODULE - N0;
7s INCLUDES YARIOUS PROCEDURES FOR RIFLE DATR 1/0 */

DECLARE MESSRAGE BY'E:

DOUT: PRNCEDURE (1TEM) EXTERNAL:
DECLARE [TEM BYTE
B oW,

SCORIT: PROCEDUPE (SHOTSLOCATION. F1LE);
DECLARE (SHOTSLOCATION, FILE)> BYTE:
ADDERCFILE ). JCSHOTSLOCATION)=ADDER.(FILE). J(SHOTSLOCATION) +4
END SCORIT:

/8 DECODE TRANSLATES QUADRANT DATR INTO SHOT POSITION. NOIE THAT
ERRORS ARE TREATED A MISSES  THIS R "HIGH-LON® OR £ "LEFT-RIGHT"
WHICH SHOLD NEVER OCCUR 1S R MISS.  TO SCORE RS ERPOPS CHANGE THE
SECOND AND THIFD @ OF DECODE INTO *18° »/

DECLARE DECODE(16) FYTE DATR(B,2,4.3,6,0,5.4,8,9,8,2,7.9.6,1)

CLOCKSREAD : PROCEDLPE ADNRESS EXTERNAL:
END CLOCKSRERD;

SETSOATA - PAICEDURE (PTR, LENGTH, YALUE) EXTERNAL:
DECLARE (LENGTH, VALUE)BYTE, PTR ADDRESS;
END SETSDATA:

DECLARE FIRGTSSHOT(<) BYTE PUBLIC.

DECLARE LIT LITERALLY ‘LITERALLY‘,

HIGHRD LIT OEM’, LOMSWD LIT 1/, RIGHTHD LIT 2/, LEFTSD LIT 73/,

RITRO LIT ‘47, MISSSD LIT /57, NOSWD LIT “6/, TARGETSWD LIT 7/,

SOLDIERSD LIT “8° YOUSD LIT ‘9°, ABD LIT ‘0ANH’,

WSHD LIT ‘08N’, WRINEWD LIT ‘0CH‘, ENENVRMD LIT “Q0H’.

AYAILRBLESWD LIT 32/, FROZEWD LIT ‘6FW/,

PORTL LIT ‘OE4H‘, /s PPIE 3-6¢ OF 6020 MANURL »/

PORT2 LIT “9ESH’,

PORTS LIT ‘9EEH’,

PORT4 LIT "OEOH/,

PORTE LIT ‘OEAH’,

ENRBLES LIT “10M.

DECLARE COUNTERSSET LIT 'GERSFN’. /+ INITIAL VALUE S MIN COUNTER #/

DECLARE HISTORY(S) BYTE EXTERMAL:

DECLARE (TURKEY, TFLAG) EYTE ENTERNAL:

DECLARE SCOPE(S) STRUCTURECNISS BYTE, HIT BYTE, LOM BYTE. LOMSRIGHT BYTE,
RIGHT PYTE, HIGHSRIGHT GVTE, HIGH BYTE, HIGHSLEFT BVTE,
LEFT BYTE, LOMSLEFT *YTE, ERROR BYTE. TURKEY BYTE,
TRPGET$ [GNORED BYTE) PUBLIC:

/¢ WE MILL USE “ADDERT TO COMPUTE TOTAL SHOTS o/

OECLARE ADDER(T) STRUCTUFE ¢ J(13) BYTE) PUBLIC .. € SC )

C-26
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AL+ COMPILER 5 MN T PRGE
3 1 DECLAPE SPEED(S) STRUCTUE(SHOTS BYTE. TIMESSUM RODRESS: PUBLIC.
4 1 DECLARE TOTALSTIME RDDRE 'S;
KT Y DECLARE DELTRSTIME ADDRE'S PUBLIC;
% 1 DECLARE (FILE.RIFLE, FPTR: BYTE PUBLIC.
Y{aN | DECLARE SHOTSFLAG BYTE PBLIC:
8 1 DECLARE TARGETS$TIME ADORESS EXTERNAL:
I 1 OECLARE RIFLESID BYTE;
3 1 DECLARE CRTSSTROBE LIT ‘2009108008 ;
RSN | UPI$STROBE - PROCETRE PLRLIC;
R 2 OUTPUT(PORT3) = CRT$STH BE;
33 2 QWTPUT(PORT3) = @
2 END UP1$STROBE;
I/ 1 TARGETSRVAILABLE : PROCED'RE BYTE PUBLIC: /+ GIVES °TRUE® IF TRRET PRESENT o/
6 2 DECLARE TARGET BYTE;
7 o2 TARGE T=INPUT(PORT2);
3B 2 RETURN TARGET; /¢ PORT 2 BIT NJMPER O WILL BE HIGH IF TARGET PFESENT o/
39 2 END TARGETSAVAILABLE;
8 1 RIFLESSHOT PROCEDIRE BY'E PUBLIC: /¢ RETURNS “TRUE" IF SHOT FIPED »/
4 2 SHOTSFLAG=INPUT: PORT1);  /# "SHOTSFLAG® 1S TRUE WHEN SHOT FIRED' s/
Q2 2 RETLRN SHOTSFLAG,
2 2 END RIFLESSHOT;
“ GETSRIFLESDATA: PROCEDURE PUBLIC.
4 2 DECLARE SHOTSDATA BYTE.
% 2 UNRESOLVED: DO WHILE SHOT$FLAG:=INPUT(PORTY);
4 3 SHOT SDATR=0: /¢ NEEDED TO ENTER FOLLONING "WHOS$SHOT® ROUTINE +/
4 3 WHOSSHOT: DO MHILE NOT SHOTSDATA:
49 4 FILE = (FILE+1) MO0 5: /s FILE @ CONTRINS RIFLE NUMBER 1 DATA.
FILE 1 ==> RIFLE #2. ETC. &/
% ¢ RIFLE=FILE+L,  /#"FILE® IS INTIALIZED ONLY ONCE. THUS
WE START CHECYING WMERE WE LEFT OFF s/
St 4 SHOTSDATR=SHR SHOTSFLAG. RIFLE);
2 4 END WMOSSHOT; /¢ "RIFLE® EQUALS SHOOTING RIFLE NUMBER +/
3 3 RIFLESID = ROR(RIFLE, 3). /# GET RIFLE 10 INTO HIGH ORDER BITS »/
“ 3 IF NOT TURKEY THEN
b Do:
5% 4 IF FIRSTSSHOTCFIIE) THIN
57 4 HOWSQUICK - DO;
% S IF TARGETSTIME > - CLOCYHSRERD THEN
9 S DELTRSTIME = TARGETSTIME - CLOCKS$RERD:
ELSE
(7 ] DLLTASTIME = CONNTERS'ET + £ + TREGETSTIME - CLOCKSRERD;
61 s SPEED(FIL€). TIMESUM=CPEEDCFILE) TIMESSUM + DELTASTING:
6 5 SPEED(FILE) SHOT. = SPFEDCFILED SHNTS ¢ §;
6 FIKSTSSHATC(FILE) = @;
o4 S END HONSQUICK;
€5 4 B,
66 HISTIRY(FILI) = 1,
67 OUTPUTCPORT )=NOT + IFLE #ND @FN; /* SETS 9311 RODRESS OF /DS1 [ INE # RIFLE */
68 OUTPUT(PORTY) = ENHBLEL, /» LATCHES SHOTSORTR FROM RIFLE ONTO BIIS #/
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69 32 SHOTSORTR=INPUT(F RT2); /¢ READS QUADRANT DATR »/
% 2 OUTPTCPORTE) = @ /& RETURNS /DS1 # RIFLE HIGH AND DROPS 8212 FROM BUS +/ -
n 3 OUTFJT(PORTZ)=NOT °H OR F IFLE) AND &FH; /% ADDRESSES 9311 /GOT DATA & RIFLE +/
2 3 OUTPUT(PORTE) = ENABLEY;
73 3 OUTPUT(PORTE) = 8.
4 3 CRLL COUT(OFFPH); /¢ QUTPUT “SYN® MESSAGE TO VOTRAX s/
73 CALL COUT(OCEM + © ILE); /¢ RIFLE RODRESSED #/
% < IF 0T TURKEY) #iD TFLAC THEN
7% OKSTATA: DO /¢ 0D IN MEW SCORE DATA ASSUME FOR PORT 2 THAT
BIT t = LOK, BIT 2 = RIGHT
BIT 2 = H'GH, BIT 4 = LEFT o/
4 CALL SCORIT(MESSH & =DECTDE(SHF(SHOTSDATA, 1) AND 8FH), FILE);
9 4 OQUTPJT(PORTE) = N T(RIFLE $ID + MESSAGEX AND 111811118;
80 4 CALL UPISSTRORE;
81 4 YOTFIX$MESSRGES: ) CASE ESSACE;
8 S CALL COUT(MIS:$MD
g3 CAL! COUTCHITEND).
g4 S CALL COUTCLOMSHD)Y;
g oo D0;
8 (AL COUT(LOMSN):
87 1 ALL COUTCRIGHT $WD):
88 - £ ND;
] CALI COUT(RIGHTSW );
% © 00:
9 v TALL COUTCHIGH-WD);
92 - (ALL COUTCRIGH i $MD);
aQ -« i
M4 S CALL COUT(HIGHSW
9 0G;
% (AL COUTCHIG MD);
¥ -~ (AL COUTCLEF 3D);
9B F END;
w9 5 CALL COUT(LEF sM
108 - D0;
191 - AL COUTCLOM: AD);
162 (AL COUT(L EF $WD);
183 END;
104 . N YOTRAXSME SS: ES:
105 END OKSDATA:
106 1F 1RKEY THEM
107 on,
168 4 TURK-YSDATR: CCOF-(FILE) "URKEY = SCIRE(FILE) TURKEY#;
199 OUTAUTC(PORYTE> = NOTCRIF £ $1D + 0BM) AND 111011118;
116 4 CAL:. UPISSTRIEE /s SI0S TURVEY TO CONSOLE CRT o/
111 4 CAlt. COUTCNOSWD -
112 4 A COUTCTREE $WD):

C-28
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IF (NOT TF: HG) AND (NOT TURYFY) THEM

00.

SCORECFILE > WESS = SCORECFi E) MISC + 4

QUTPUTCPOR T6) = NOT(RIFLESID + ORAH: AND 111011148;

(ALL UP1$" TROBE; /% SEND'S *MISS. LATE" MESSAGE 7O CONSOLE CPT +/
(4L COUT HISSSWD).

END;

(HLL COUT < OFFR); /% VOIRRX SION-(FF «/

END UNRESOLYED;
END GETSRIFLESDRTA;

WHSFAILET-$ TOSSHOOT - PROCED/ RE PUBL T i
DO FPTR=0 1) 4;
FIFLESID - ROR(FPTR+1, 3).
" HISTORY/FPTR) 9 THEN
ng;
SCORECFPTR) TRARGET$IGNOR D=SCORE(F PTR). TARGETSIGNORED+1;
OUTPUTPORTE) = NOT(RIFL: $ID + OC(H) AND 11184144F;
CALL UPISSTROBE; /¢ SE'DS TARGET IGNORED TO CONSOL CRY o/
CRLL COUTCOFFN; e OTRAX ®INT® MESSROE s/
CALL CNIT(BCOH ¢ FPTRY /% HODRESS RIFLE NUT SHOOTING =/
CALL OWT(YOUSD);
CALL CWITCFROZESWD);
CALL CJT(BFFH); /% (ND OF VOTRAX MESSRGE o/
END:
tND:
TALL SE7SDRATRC. HISTORY. S, ¥);
PO WHOS$HHILEDS TOSSHOOT,

SHMSWIRST  PROCEDURE PUELI(
[¥CLARE +rOSWORD BYTE;
[+CLRARE 1 OSNENS' S) BYTL;
HMSBRD 1) FPTR = 8 TO 4
RROSNENS: FPTR) = §;
IF SPEEL- FPTR) SHOTSO# THEN /¢ AVOIDS “WORST-SHIOTER® IF NDO RIFLE AT FPIR o/
PRDSNEN. - FPTR) = SOORE  FPTF WIS . ¢ SCORE(FPTR). THRKEY +
SCORE - FPTE ) TAP ETSIGNCRED;
END HOMSERD;
PROSWORD = 1.
FIFLE =
HINTSWOR- T OO FPTR = @ T0 .
iF BRDS!-NS(FPTRL)Y = HADSNEWS(R FLE-1) THEN
BROSWO: ) = BROMORD OF P4 ‘98 FPTR + 2));
1F BADSI-NS(FPTR+L) > fRDINEWS(RIFLE-1) THEN
)1
RIFLE : FPTR + 2,
BRDSM D = (BRDSWORD AN @) OR ROL (B8, RIFLE);
END:
END MUNT SMORST;
OUTPUT(FORT4) = DROSMORY:,
FND SHONSHORST;

¢+ RIFLE HRS VPLUE OF WORST SHOOTER #/

END PIFLESI ATASMONLE,
€-29
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PL/M-22 COMPILER

MOOULE [NFORMRTION:

C00E ARER SIZE = @8N
VAPIABLE ARER SIZE = GO6%M
MRXIMUN STACK SIZE = 0B
222 LINES RERD

@ PROGRAM ERROR(S)

END OF PL/M-88 COMPILRTION
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ISIS-1 PL/- 3 V3 1 'OMPILATIMM OF MODILE CONSOLEMJDULE

0BJECT MODULE LACED N -Fi:CONS/M. 0BJ
COMPILER INVOM ‘D BY PLMBB -F1 CONSOL HLM DEBUG IXPEF DATE <12 OCT 78)

NN w

=J

19
11
12

14

ONSOLE ‘MODULE - DO
"¢ THIS MOOULE CON AINS ONSOLE [/0 RUITINES +/

" ECLARE USARTSOATA LITERLLY ‘@ CH, /¢ PRIE 3-48 OF 88/27 MANUAL «/

USART$STATUS LITERALLY 8EDH’, /¢ PALE 3-44 v/
ESC LITERALLY “1B%: . /% ARSI 1T "ESCAPE® o/
MK LITERALLY /7HH/, ‘
ZERO LITERALLY ‘37,

CR LITRALLY ‘60H , LF LITERALLY "0f",

ENABLE $9311 LITEPMLLY ~ 1867,

PORT3 _ITERALLY ‘VE6H’

PORTS _ITERALLY "MERN’.

TTYSLIE LITERALLY ‘88H°,

VOTRA: SLINE LITERRLLY "89H",

USARTS JONTROL LITERALLY “8EDH ,

‘saseet essTHE SILENT 700 IS MEERFTER DEFINED AS R TTY seucttnetisns/
TTYSMOOE LITERALLY /@4EH’, /¢ § STOH BITS, € BIT, 16X, P. 2-8,41,4-48 ¢/
VOTRAXSMOOE LITERALLY 4EM‘, = DITT: EXCEPT 1 STOP BIT #/

USARTSTOMMAND 1 ITERALLY ‘27W’ /# DRTR TERMINAL READY, ETC »

USARTSRESET LITERALLY “40H’,

HELLO (18> BYTH DRTA (17, CR, F,LF,L7. ‘LET/ < START". (R, LF);

"ECLARE DECIMAL(3) BYTE EXTERNIL;

ECLARE (1,V,10S) BYTE.

"TYSTIPER: PRYCEDURE EXTERNAL;
Eml

MNTRAXS TIMER  PROCEDURE EXTERNL;
END;

TTvsSET  PROCEDRE PIRLIC
QUTPLT(PORTS) = TTYSLINE; /7 WILL "-IRECT U.RT QUTPUT TO Tiv o/
MUTP T(PORTE = ENAP1 £69311:
QTPLT(POPTA) = @;

CALL TTYSTIMEF:  /# ETS UP FOR 11 BAUD #/

OUTPU (USARTSLINTROL)  TTYSMIDE;
OUTPY (USARTSCUNTROLY  USRRTSCOMIMANG".
END TYSSET:

TIYRES PROCE[AFE PUBL] : /M TTY REET o/
OUTPUT (USARTSCINTROL)  USRRTSFESET:

CALL 'TY$SET,

END T'YRES

IOTRAY ¢ SET . PFTw EDUPE F BLIC
QUTPI'T(USARTSI ONTROL) = VOTRA<SMODE.
OUTPUT(USAPT$¢ ONTROL* = USART $( (WD,

ND VOTRAXSSET,
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VOTRES: PROCEDURE PUBLIC, /¢ VOTRAX RESET ¢/
OUTPUT (USARTSCONTROL) = USARTSRESEY;
OUTPUT(PORT3) = VOTRAXSLINE;

QUTPUT(PORTE) = ENRBLE$9211;
QUTPUT(POPT6) = #;

CALL VOTRAXSTIME S
CALL VOTRAXSSET;

END VOTRES;

CIN: PROCEDURE BYY: PUBLIC,  /» GETS A BYTE FROM THE CONSOLE «/
RRDY: DO MHILE NOT SMRCINPUT(USARTSSTATUS), 1); /¢ 1.E WHILE INPUT BUFFER
IS NOT REFOY o/
END RRDY;
RETURN MASK AND INPUT (USARTSDATA).
END CIN

TXRDY - PROCEDURE PUBLIC;
DO MHILE NOT SHR« INPUT(USARTSSTATUS), 2);
END;
N TYRDY;
COUT PROCEDIRE C(ITEM) PRLIC: /¢ QUTPUTS “ITEM® o7
DECI ARE ITEM BYTE
DO WHILE NCTCINPUTCUSRRTSSTATUS »);
20;
UTHUT(USART $DATR) =1 TEN.
N COUT;

BITSIUMP: PROCEDURE PUBLIC;
Y = INPUTCUSARTSDATA); /¢ “Y" HERE [S A BIT-BUCKET »/
EN: BITSOUMP;

PRNTNUM: PROCEDURE PUBLIC.
005=0;
0o 10 T0 2,
IF (Y sDECIMAL(])) OO ZEPO THEN
605=1;
IF GOS THEN CALL COUT(Y),
END:
CALL COUT(CR):
(AL COUT(LF);
END PRNTNUM

FCINT: PROCEDURE(POINTER® PUBLIC:
ECLARE (POINTEF. FINRL)> RDORESS,
CHAR BASED POINTER BYTE;
t [NAL 3P0 INTERSCHAR;
LP: DO WHILE POINTER ( FINAL:
FOINTER=POINTER+1,
(ALL COUTCONAR).
END LOOP;
END PRINT;

/% FIRST CHAR 1S CHARACTER COUNT o/

C+EETING PROCEDIPE PUBLIC;

P Vo B
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W aLeK 121 78 PAGE 3
"2 CALL PRINTC HELL 3,
2 2 CALL BITSOUWP;
73 2 ENFBLE;
4 2 END GREE' ING:

ENC: COMSOLE SMODULE

WIOLE | FORMATI'N:

G ARERSIZE = 016FH 271D
Vo 'RBLE APEA SIZE = GBBGH 80
RO STRX SIZE = 80044 LY
115 LINES READ

@ Fi+ DGRAM EFROR(S)

END € F W08 (®PILRTION
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PL/M 38 COM ILER

I1SIS~11 PL/™-80 V3.4 COMPILATI M OF MODULE RESULTSMODWLE
0BJECT MODULE PLACED IN :F1:REALT. 0B)
COPILER INVXED BY: PLMBO :F L RESULT PLM [XREF DEBUS DATE (3 OCT 78)

E

~ o~

SRE B ox

14

17
18

R

3
33
34
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RESULTSSWIDWLE: | %

TTVRES: PROCEDURE EXTERNAL,
END TTYFES:

COMPOSITE PROCENRE EXTERNAL:
B COMPOSITE;

COMMENT - PROCEDURE EXTERNAL
END COMYENT.

COUT- PROCEDURE (LTR) EXTERNAL;
DECLARE LTR BYTE,
END COUT;

PRINT: PRICEDURE (POINTER) EXTERNAL;
DECLARE. POINTER ADDRESS;
80 PRINT;

PRNTNUM: PROCEDURE EXTERNAL;
END PRATMI

DECLARE (RIFLE, FILE) BYTE EXTERNAL:
DECLARE CR LITERALLY “90M‘, LF LITERALLY “OAK';
DECLARE SCORE (5) STRUCTURECMISS BYTE, NIT BVTE, LON BYTE. LOMSRIGHT BVTE,
RIGHT BYTE, HIGHSRIGHT BYTE. HIGM BYTE. HIGMMLEFT BYTE.
LEFT BYTE, LOWSLEFT BYTE, ERROR BVTE, TURKEY BVTE,
TARGETSIGNORED BYTE) EXTERNAL;
DECLARE DECIMAL(3) BYTE PUBLIC:
DECLARE ([,2) BYTE.
(SURSSHOTS, NERRSMISSES) BYTE PUBLIC

DECLARE ADDER(S) STRUCTURE(J(13) BYTE) EXTERMAL;
DECLARE SPEED(S) STRUCTURE(SHOTS BYTE, TIMESSUM ADDRESS) EXTERNAL:
DECLARE AVGSTINE RDORESS PUBLIC,

CONVRY: PROCEDURE (HEX).
DECLARE HEX BYTE;
DO 1=0 10 2
DECIMAL(2-1)= HEX MOD 18 + 36,
HEX = HEX / 19;
END;
END CONYRT;

(ECLARE RIFLESID(®) BYTE DRTR‘?. ‘RIFLE: /);

(CLARE TOTAL$SHOTS(14> BYTE DATAC13, ‘TOTAL SHOTS: *);
(ECLARE PIFLESHIT(?) BYTE DRTA(6, ‘HITS: /);

(ECLARE PIFLESMISS(9) BYTE DATA(S, ‘MISSES: *);

DECLARE PIFLESLON(?) BYTE DATACS, ‘LOMS: );

DECLARE RIFLESLOKSRIGHT(13) BYTE DATR(12, “LOM RIGNTS: *);

c-34




A
o ————

/% ) CRwIER - — -

57
39
4
42
42
44
45

4

9

A

%y #X

]
e

o

b rh e b b e e b e e e e e

-

ro o

EEAR PN RPN N

o

L]

-

DECLARE RIFLESRIGHT(9) - YTE DA A(8, ‘R1 HTIS: "

DECLAPE RIFLESHISHSRIGH: (14) B 'TE DATE 13, "HIG 4 RIGHTS o
DECLAE RIFLESHIGH(S) E7TE DATH: 7, “HIF15. );

DECLAt RIFLESHISHSLEFT 13) BY? DATA' 2, ‘HIGH LEFTS ).
DECLAM RIFLESLEFT(8) FTE DATH 7, “LEF'S ‘),

DECLAFE RIFLESLCWSLEFT: 12) BYTE DATAC) ., “LOM L-FTS5: *),
DECLAFE RIFLESTVRYEY(12) BYTE { TAC(11. NO TARGFT- /),

DECLAE RIFLESTHRGETSITNORED(1€ - BYTE ATA(37, TARGETS IGNIPE!
DECLAFE BLANK(2 BYTE [ATR(2,CF LF);

DECLA+E HOMSMANY$SHOTS(18) BYTE DATACL ' “TARGETS SHOT AT .
DECLAE RVERAGESTIME(1™> BYTE { ATA(14. AVERAGE TIME: '):
DECLAFE UNITS/8> BYTE DATA(?, /< CONDS +;

DECLAHE YOURSSCIRE (18 BYTE DFFA (17, YOUR RESULTS ARE ‘).

DECLR 't NAME(S) STRUCTIRE(LETTER(Y) BYTE) EXTERNAL,
DATE «11) BYTE EXTERNAL.
IDSNMBER (6) YTE EXTi 2NAL,
10$FLPG BYTE £ TERNAL;
PRESE +TSRESULTS PPOCE(«RE PURL IC
DISAE E;
CALL TTYRES: /% RESEY FOR 1T OUTPUT -EE CONSL MOGAME

CALL FRINTC BLHNK);
CALL PRINTC BLAHK);

IF 1 #FLAG THEN DO,
CALL PRINT( DATE):
CALL PRINT' ID$N™BEF
N

CA PRINTC ELAM );
CRL PRINT: ELAM),

ONESH FLESFESILTS 00 FIFLE=" 70 S5

IF S EDCRIFLE-1Y “HOT: (> @ THEN
TYPES (T DO;

CAL: PRINTC BLAM .

CPLI PRIN' ¢ RIFLESID:
CALL COUT/RIFLE+7EH);

CAL PRINT( BLAN);
AL PRINTC. BLANY);

IF 1 1FLAG THEN
CAL  PRINT( NAMERIFLE-1)).
CALL PRINTC YOURSSOORE ©.

CAL' PRINTC BLANK ),
CAL: PRINTC BLANY o,

FILE=RIFLE-1;

C-35
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Vo AV, 410

7 4 CALL PRINTC. TOTALSSHOTS);

8 4 SUNSSHOTS = §;

” 4 M: DO 2=8 TO 11;

8 S SUMSSHOTS = SUMSSHOTS + ADDER(F ILE). 3(2);
81 5 END 9m;

Q 4 NEARSMISSES = @;

e SIM2: DN 2=22T109;

g S NEARSMISSES = NERRSMISSES + RDDER(F LE). J(2);
s 3 00 Sm2;

96 4 CALL CONVRT(SUMSSHOTS);

&7 4 CALL PRNTWNN;

88 4 CALL PRINT(. RIFLESHIT);

89 4 CALL CONVRT(SOORECFILE) MIT);

9 4 CALL PRNTNN:

91 4 CALL PRINT( RIFLESMISS);

92 4 CALL CONVRT(SCORECFILE> MISS),

7 4 CALL PRNTMUN

4 4 CALL PRINTC RIFLESL(N);

5 4 CALL CONVRT(SCORE(F ILE) LOW);

9% 4 CALL PRNTMAY;

9 4 CALL PRINTC RIFLESLOMSRIGHT)Y;

w® 4 CALL CONVRT(SCORECFILE). LOMSRIGHT);
d 4 CALL PRNTNUM:

i 4 CALL PRINT( RIFLESRIGHT)

" 4 CRLL CONVRT(SCOREC(FILE) RIGNT);
1 4 AL PRNTNL™:

1w 4 CALL PRINTC RIFLESHIGHSF IGHT);

1% 4 TALL COMVRT/SCORE(FILE). HIGHSPIGHT);
1 ¢ CALL PRNTNUM:

e ¢ CALL PRINTC RIFLESHIGH).

87 4 CALL CONVRT' SCORE(FILE) HIGH);

e 4 CALL FRNTNUM;

e 4 CALL IRINTC RIFLESHIGHSLEFT);

e 4 CALL 1 ONVRT (SCORECFILE) HIGHSLEFT);
i1 4 CALL PRNTNM:

Ao 4 CALL PRINTC RIFLESLEFT).

MESY | (ALL CONVRY(SCOPECFILE) LEFT).

14 4 CALL PRNTNIN;

i 4 CALL RINTC RIFLESLOMSLEFT);

1. 4 CALL "ONVRT(SCOPECFILE) LOMSLEFT);
17 4 CALL - RNTNM.

1F 4 CALL *RINT( FIFLESTURKEYY;

Py e

4
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4 (AL CONVRT(SCORECFILE TURKE/);

4 (AL PRNTMLN,

4 1ALL PRINTC RIFLESTARGE T $1GNRED);

4 1ALL CONVRT(SCORE(FILE) TRRGt TS$IGNIRED):

4 ALL PRNTNUN

4 AL PRINTC NONSMAAYSSH 15),

4 ‘AL CONRT(SPEEDCFILEY HOTS .

4 AL PRNTNUN

4 "ALL PR.NT( AVERAGE STIME):

4 F (2 =" PEEDCFILE) SHOTS)=@ THEN 7=,

L) WGSTIM = (SPEEDCFILE TIMESAM/29)/Z;

4 "ALL CONVRT(LOM(RVGSTIME));

4 F@ =D CINL@Y) O i THEN CRLL COUT(2);

4 CALL CUTC(DECIMAL (1)

¢ CALL COUTC2EH): e 1 PERIOD OR DECIMAL POINT o/

4 “ALL CL ST(DECIMAL(2)Y

4 CRLL COUT(20M);

4 CALL PRINTC INITS)

4 AL COUTCR);

4 CALL COUT(LF),

4 ORLL PRINT!. BLANK)

4 CALL COMMENT; /¢ (/oRENT RS TO F ARCTION “1ME o/

4 DALL PRINTC. BLANK).

, Lo A d * ki
COMPOSITE 1S ERSY T0 CHANGE. [T/S IN MODULE "FINAL®

4 CALL COMPOSITE; /* THE COMISITE SCORE 1< INITIALLY: =
1099(H1T5/5H0TS) + 60+ (NERR WISSES/SHI TS) ¢
19e(TIM CREDIT FROM °ROCEDURE "COMMENT", ABOVE)
- 20(NMBER (F TARGE™: IGNORED) =/

4 CALL PRINTC BLANK).

4 ENG TYPEST

2 END ONESRI-LESRESWL .

2 EMABLT.

¢ END ' RESENT SRESULTS.

1 END PESULTSSMIDIAE,

INFOMATION

- (OF ARER SIT 3 349 1°-%0
WRIABLE ARER 512 = 0BIAH 180

g, Bl
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C-38

)]

MAXIMUM STACK SIZE = 0BO6H

2'S LINES RERD
@ PROGRAN ERROR(S)
END OF PL/M-08 CONPILATION
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PL/D 38 LunraLex

ISIS-11 PL/-88 V3 1 COMPILATION F MODULE FINA MODIRE
OBJECT MOvLE PLACED IN (F1 FINAL &)
COMPILER 'RWOKED BY: PLMBB F1 FINAL PLM IXREF DEBUG DHTE (25 NN 797

1 FINALS ODILE . DO
21 DECLAR SPEED(S) STRUCTURE (SHOTS BYTE. TIMESSUM ADDRESS) EXTFRNAL,
(FILE. RIFLE. M$SHOTS, NEARSMISCES) BYTE EXTERNA ,
N BYTE, AVGSTiME ADDRESS EXTERNAL,
SCORE(S) STPUWCTURE(MISS EYTE, HIT BYTE, LOM BYTE. LOMSRIGHT BYTE,
RIGHT BYTE, HIGHSRIGHT BYTE, HIGH BYTE,
HIGHSLEFT BYTE. LEFT BYTE. LONSLEFT BYTE.
ERROR BYTE, TUPKEY BYTE, TARGETS$IGNORED BYTE)
EXTERVAL,
FAST (47> BYTE DATA (41, MWAN'' VOU’’RE THE FRSTEST SHOT IN THE WEST'),
G0 (2°) BYTE DATA (24, HEY' YOU'‘RE PRETTY QUICK),
FAIR (3) BYTE DATA (37, OH WELL' THERE’S MOPE 1F YOU SFEED UP/),
POOR (1) BYTt. DAA (29, SORRY. BUT YOU’‘RE PRETTY SLOW’ 1,
CR LITE-ALLY WON . LF LITERALLY "OAH’,
(TIMESCLEDIT. N) EYTE:

COUT. PROCEDURE (LTR) EXTERNAL;
DECLAPE LTR B-TE.
END CTUT;

[l
(LSRN

PRINT FROCEDUR- (POINTER) EXTERNAL;
DECLARE PO NTER FODRESS:
EX- PRINT.

fe SEESVENe N
RO e

COMENT PROCED RE PLFLIC
IF AVGSTIME (= 5 ThN
Do

U

CALL PRINTC FASY .

TIMESCRED]T = 3,

END.

ELSE IF AVGS iME - 9 THEN
Do.

(ALL PRINT- GOOO -
TiMESCREDIT = 2
er;

ELSE IF AVGSTIME ‘= 13 THEN
.

9L PRINT/ FAI®).
T MESCREDIT = 1.
1328

ELY DO,
Ol PRINTC POOS);
1 MESCREDIT = v
33

ENG COMMENT,

A - T PR U C VR VUSSP TR SR PE IR EI VU S I RN

HXFs-.  PROCEDURECH “$ADR, DECSA(R) PUBLI";
DECLAPE (HEXSAOR, [ " $ADR) RDODRES 3,
HEX BRSED +f ‘$ADR ADDRESS,
DECIMAL BB ED DECSADR (" BVTE,
N, M) BYTE

[

ro

PPty




08 COPILER

2 PON=0T0A

3 M4

3¢ 3 DECIMALCN) = HEX 100 10 + 38H;

3 HEX = HEX/10:

3 END;

3002 N=0;

2 DO WHILE DECIMAL(N) = 38H AND NCS:

v 3 DECIMAL(N) = 20M; /+ REPLACE LEADING ZERTS WITH SPACES s/

& 3 N=zN+1;

4 3 END;

Q 2 END HX2RS;

4 1 COMPOSITE: PROCEDURE PUBLIC:

“ 2 DECLARE COMP(24) BYTE DRATACZ3, ‘YOUR OVERALL SCORE IS: /),
OVERALL ADDRESS,
DECONUM (S5) BYTE;

£ 2 OVERALL = 1008(SCORECFILE). RIT)/SUNSSHOTS + GOSNEARINISSES/SUMSSHOTS

+ 100TIMESCREDIT - 2e(SCORECF ILE). TARGETSIGNORED);
« 2 CALL PRINT(. COMP);

4 2 IF OVERALL < OFDOM THEN DO; /» 1.€ CHECK FOR NEGATIVE SCORE o/
4« 3 CALL HX2RGC, OVEPALL, . DECONUN),

% 3 DON=0T04

51 4 CALL COUT(DECSNM(N));

S 4 END;

% 3 END;

w2 CALL COUT(CR):

S 2 CALL COUT(LF);

& 2 CALL COUTCLF);

S 2 END COMPOSITE:

E END FINPLSMODULE ;

M LE INFORMATION:

COOE APER SIZE = g2+ 553
VRIRBLE ARER SIZE = @B16H 1€
MAXIMM STACK SIZE = 088SH &
85 LINES RERD

0 PRPOGR'M ERROF (S

ENG OF PL/M-+9 CONPILATION

te- AW e e vt ——————— ¢
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IS 11 PL/-88 *  { COMPILATION O MODULI INTERRUPY?
0BJLCT MODWLE PL-« €D IN .F1 INTER. : 8]
COM 11 ER INVOKET tv  PLMSH F1-IN ER PLM 'XREF DEBUG [+T+ (3 OCT 78

SNOINTVECTOR
INTEPRIPT? - DO;

1 DECLARE TRAIN BYTE E <TERNAL
AOCK2 LITERALLY "@08H . /s ADORESS 0 WHICH WE SEND THE FOLLOWING
NON-SPECIFIC END OF INTEPRUPT s/
OCWE LITERALLY 20H°: /¢ THE NON-SPECTFIC EOI, SEE PAGE 3-188
AND PRGE :-108 »/

INTERRUPTSROUTINE . ROCEDURt  INTERRUPT 7 FUBLIC;

TPHIN=, ‘s PROGP WILL CALL FiP RESULTS TO BE TYPE: QUT »/
O TPUT(RDDCI2> = 0 W2E;

E'D INTERRUPTSFOUT |NE,

«
LaS I O L g

1 EN' INTERRUPT?.

MaNE INFOPMATION

vOE ARER S.ZE = 8813H 190

VARIABLE FRER SIZE = 000aH )
MEXIMM SR K SIZE = 90aRH 0
17 LINES Ft ®

g FROGRAM | ROR(S)

€ OF iL/M-80 IMPILATION
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HC M8 (FL UPI41. SRC MR ROFILE NEBUG I 41 TITLEC'1f JAN 797)

I 1S-11 MCS-48. P1-41 MCRO AS'EMOLER, /2 @

it JAN 79

LaC 03y

SEQ

—

PD D N U B
. e m we w e -

(=3
<

NLL28A2322228 23R ENEY

ADURCE < 'ATEMENT

PRGE 1

ASSEMBL' LANGUAGE PROGRAM WRITTEN FOR THE UPI-44
(UNIVEF AL PERIPHERAAL INTERFACE-41) DUVING THE
UMMER “ERM OF ACADEMIC YEAR 77-78 BY THOMAS
RIORDA HILE WORKING AS A GRADURTE A4S (STANT
FOR Df -ERBERT C. TOWLE AT THE NAVAL TRAINING
EQUIPMENT CENTER (NTEC) IN ORLANDO F1 ¥ [DA.

THE PROGPAM RCCEPTS F PARALLEL DATA TPANSFER FROM
AN QUTPUT PORT (8255) OF AN INTEL SB(-fA/28~4
SINGLE BOARD COMPUTEF SYSTEM  THE DATH WORD IS
DECODED TO OBTAIN A REFERENCE COLUMN (%! THE FRCE

OF AN ADR CRT

THE CRT CURSOP 1S THEN POSITIONED

IN THRT COLUMM.  THE DATA WORD IS FUFTHER DECODED
10 OBTAIN THF ADDRESS IN ROM OF R TEXT STRING WHICH
1S THEN SHIF" D OUT - "RIALLY THROUGH H. 1/0 PORT
LINE (F THE ' PI-41 AT 3208 B THE PROGRAM

IS INVERRUPT ORIVEN AND UTILIZES R FIi+ STACK T0
BRLANCE OUT [ISPARITICS BETMEEN THE FHIE AT WHICH IT
CAN SHIFT OUT SERIAL DATA RS COMPAREL. ) THE HIGHEST
POSSIBLE RATE AT WHIfH 1T MUST ACCEP' PARALLEL CATA

THE RUNTIME CONFIGURHTION OF THE UP]1-4t IS RS FOLLOMS-

REGIST-R BANK %

REGIS'ER B(R1Y)
REGIS ER 1(RV)
KEGIS ER 2(k 1)
REGIS /ER 3(R?})
REGIS'ER 4(RD)
FEGISIER S(KS)
PEGISTER 6(F5)
FEGICTER 7¢K7)

REGIC TER BANK 1

REGISTER O(F9)
PEGISTER 1(F1)
FEGISTER 2(k2)
AGISTER 3:P3)
PEGICTER 4<R4)
FEGISER S(K3)
KEGISIERP 6(R6)
<EGISiER 7(R?)

7 BIT ASCII CODE CONMi“R

RSCIT CHAR TO BE QUTH! T

COUNT FOR VAP IRBLE [t AY

QUTPUT STRING ADDRES-

MASK YALUE FROM LOOK:F TRBLE
BINAPY CODE FOR CRT ¢ LUMN POSITION
COUNTER FOR STRING (vi1PUT

PARALLEL DATA TRANSF: ¢

CUPHTNT DATA POINTEF

FiNG DATR POINTEP

QUEUE STATUS

ACCUMALATOR < TORAGE

UNUSED

CONSTRHT=193D
CONSTANT=2240"

TENPIRARY DATA WORD . ORAGE

PIRT 1  SERIAL TRAN:-MISSICM ON BIT
FORT 2 LINES @-4 LED AS R MASK IN' T TO IM4IBIT TE'T
STRING QUTPUIT  LINE 7 USEL: /) ENRBLY CHIP SELECT

n-1

- —— e -




1SI1S 1. MCS~4RAPI-41 MACRO ASSEMELER. V2 @ PAGE 2
18 JwN 79

L 08J SEQ SOURCE STRATEMENT
3
M ;
5
% ;

O 5?7 ORG @

Gan A40R 58 w INIT ; PRESEPVE INTERRUPT YECTORS

ot 59 ORG 30 ; EXTEPNAL INTERRUPT VECTOR

o3 9458 68 EXTINT: D INROUT . JUMP TO INTERRUPT ROUTINE

s 64 ORG 70 i TINEF INTERRUPT VECTOR

Bmt. 846A 62 TIMINT. P TIINRT |, TINEF INTERRUPT ROUTINE

00 63 ORG 160

w35 64 INIT (L Fo ,SET FI AG SO INTERRUPTS NOT ENABLED
65 .DURING INITIALIZATION ROUTINE

ot 9ED 66 AL P2, 90EH SNUMBER MILL DRIVE LINES @-4 TO GROUND IN CRSE
6? ; THE SIMULATION PGM IS GOING TOBE RN I E
) :THIS WILL KEEP ERACH RIFLE FROM PICKING UP
o ;AN EXTRANEOUS SHOT (A€ TO THE OUTPUT LINES
” ; COMING \P H1GM—88/20 8212 CLEAR WILL NOT
" ;HAVE BEEN DONE AT THIS POINT IN TINE~—,
72 ;LINES 5 & 6 WILL BOTH BE KIGH AS REQUIRED
73 i TO LET AN EXTERNAL SIGNAL CONTROL THE TAR PRES FLAG
74 ;BUT KILL NOT ENRBLE THE CHIP SELECT WMICM
e ;1S TIED TO LINE 7

a8 BIA 76 nv RY. #4FH ;RSCI. OHAR 10 CLEAR CRT SCREEN

00 1438 4 CAL  uTPUT

a1 3459 78 CALL  DELAVt

991, 341R 9 CALL  LOCSET .SET P CRT "0 ACCEPT X COORD VALUE

@81° 8920 ] MOV PL, 8204 . X VA UE FOR COLUMN 1

w1~ 3430 81 CALL  UTPUT .ROUTINE TO ' END RSC1I CHARALTER

ve1> 05 2 SEL PRL

w31r 5820 33 nov RA, 8320 : INIT AL VAL\K FOR REFD MEMORY POINTER

881 3928 34 1.7 P4, 8320 : INIT AL VAL!E FOR MRITE MEMORY POINTER

il 3R08 35 v R2,80 i CLER* QUELE STATUS REGISTER

wigw ¥EE0 6 MoV R, §2240 ;224 + 32 RWAILABLE LOCATIONS IN RAM
.74 iz 25 =) QVERFLON

w2 HCL &8 nov ®S, #1920 i193 + 63(LAST RAM ADDRESS) = 296 =>
29 7 OVERFLOW

wa24 MRG0 “9 L P2, #6BH , ENRBLE CHIP SELECT

026 1 ot EN I , ENABLE EXTERNAL INTEFRUPTS

we? A Q2 HRIT: MOV RR2 . GET FJEUE STATUS

w2t 627 “3 R WAIT , IF QUZUE EMPTY NO ACTION
(4 .
9
"3 ’
7
‘8

e 9 ~3 START: MOV A, &R0 .GET DiTR FRIM RAM LIx ATION

2% € 14 Ny R7, R STORE (ATR

wa A 101 DEC R2 . DECREMENT QUEUE STATUS REGISTER

wih D 19 nv A RS 193 DECIMAL

mx 8 10 ADD A RO CHECK FOR LAST ACCES: BEING @ TOP OF RAM

BF 633 104 mne CONT

L) (2 nv R8, #3147 .ONE LESS THAN BOTTOM OF RAM

3 13 10 CONT  INC ) NEXT RAM ACCESS LOCATION

w4 F 1€ mov LR7 .RETFIEVE DRTH

D-2

| ter s v a4 aam e b et

3 0 W W WY YD YO W Y W W W W e

t




sup

I1ST -11 M ~48/UP" -41 MACRD RSSEP LER, V7 @ PAGE 3
re 13 AN 79
1 L)X 08 SEQ S RCE STRTEMEN
+ 0433 (S 108 L F®
i o036 fF 109 Py k7R STORE D{TA
@337 4310 118 (1 R.816H ,SET BIT MHICH 3 HARD WIRE( LOW
- 39 37 1 Tt R
1 Q3R %6 12 "2 CNM
* 033C 1 113 @ FIFSIM .IF CODE FOR R] _E SHRAATI(N FliTINE
. 114 iHRS SENT JUP 0 IT
E ¢33E oy 115 CONTN: © L P2, 01FH ; IF SIMURTION ‘ 31 NOT BEING PN
a 1:5 ;THEN P'wT 2 8- MUST BE INPUTS
B840 FF 11’ %Y RR? RETRIE £ DATA
a4 340 " CALL MK i CHECX 10 SEE It OUTPUT DESIRED
. @43 R 11 JF8  ESCRPE i IF FLE, SET WR.T FOR NEN DRTA
w45 341 12 CRLL  LXCSET SET F AOM TO /“CEPT X-COORD V-LUE
@47 FO 12 WV R.RS  GET RFLE ID Ff M PROCEDURE MH“K STORAGE
H 12 » LOCAT ON
* (s 343 17 CRL 18 ;TAB O*ER TO LO ATION CORRES T PIFLE &
W FF 1 MV RR?  RETRILVE 80/28 DATR
@048 47 12 WP R ;PUT CODE FOR T-P€ OF SHOT
. W ;IN UPPER 4 BIT TO ALLOM ACIES- TO
12 ;16 MEMORY LOCA™ [ONS PER SHOT T+FE
acal 53t 13 ANL R BOFGH ;MRSK OUT LOW U £R BITS
o L3 MV RLA i STORE RELATIVE HDDRESS OF CHAF TRING
oB4F E3 19 MOWPI A OA  GET STRING LENG™
iS58 FE 11 5% RSA 5 STOPE COUNTER v LUE
w51 24, 1 OALL  SROUT ;PROCEDUPE TO OL ‘PUT ASCIT STF

B9 4" 13 CALL CLF
5o 0% 1.4 ESCAPE SEL Ry ;RETURN 10 CORRY T REG BANK FI¥ AIT LOOP
widn w4, 1 Al 4 [ 214
1™
1.0
100
13
140 ;
W S 141 INROUT . & REL . ITERRUPT REG B
vy M 1% M R2,A S 4E ACCUMULATO:
N5 Fi 14 [, & A R6 4D
1Sl of 144 A AR
Wil Leng 145 JZ QUERL - CHECK FOR QUEUE FULL
w5 1 146 INC P2 , INCREMENT QUEUE STATUS REGISTEH
¥ Lo 14 - In +.DB8 . INPUT DATA
148 iFEOM SR INTERRUF T STORE FF
8 H1 149 LE RLA = WE NEW DATA
vint Flr 99 ny N v i1 D
» %0l B 31 /O R ; HECK T0 SEE IF STORE MRS

.\'
4
b
-
a
' 152 , it LAST AVAILABLE RAM LOCATINN

w967 153 2 “ONTL 5 [F NOT THEN CON? INUE

wieS B9 F ] ny ~1, 8310 , “TTOM OF QUEVE

Ab 19 155 CONTL:  INC ‘1 i \NCREMENT WRITE IOINTER REG

b5 FE 56 QUE-UL. RV R3 »+ESTORE ACCUMILATOR

wey Y3 57 FETR ;v TTURN FROM INTEFRUPT

wef o) 158 TII'RT: STOP NT i PREVENT FURTHER TIMEVY WERFLOM

el (7 59 nv ' PSH s THIS SEQUENCE OF OPERHTIONS ALLOWS

wod, 87 o0 DeC ' i THE RETLFN RDDRESS WHI N WAS STORED

vl H307 61 A ' 997N ;ON THE STACK TO BE AT 'RED SO THAT

ok B 62 R ' ;ON RETUR- IT WILL NOT ONTIME IN
-3
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AL 11 NCS-48/UP ~41 WCRO ASSEDNBLER, V2.0
18 N7

L 0BJ %Q SOURCE TRTEMENT
o 70 0308 162 RDD R 98 ; THE SRIE LODC 1T WAS IN WHICH FORCED
Ny 164 (1] RO.A ;THE INTERRUPT CALL IN THE FIRST PLACE
=318 165 INC w0 ;PROCEDURE CAM BE FIGURED OUT EV REF
o 410 165 N we ;UP1-41 MANUAL PP. 2-8,9.
o ) 2314 16’ nov R, BLON FrLt
8~ 4D 16 CALL FRIL
e 93 163 RETR
o 1 23F0 179 FINIS: MOV R 8§ LOW DONE ; TEST COMPLETE MESSAGE
a8 171 nov R3.R
o B3 172 w3 AM
@ E AE 173 NV R R
-t 3427 174 CALL STROUT
61 3450 175 CALL CRLF
b 9483 176 HERE:  JWP HERE iMAIT FOR RESET(EXTERNAL)
1.7
1 8 ’
1°9, SUBROUTINES IN FIWST FHGE OF MEMOF +
i'ﬁ ’
tet
182,
vier 18. ORG 256D
v @ 184 NSKDAT : DB 10, 20:“'-&)!1@
viag &
v u
NATTRY w
vt 18
v 53E8 186 MRSX: AN R SOEGH - MASK OUT S | 4 ORDEF BITS
S 47 16 SkiP A RIAE ID INRITS 1,¢ 3
s 77 18, RK A N BITS 8.1, 2
+RD 18 Moy RS R . STORE RIFLE CODE
4 47 18 DEC f .CIFLE CODECF 11.E) B¢
oo KD 19 WV AW . GET | OOKUP VALUE FOF CURRENT RIFLE
A fC 19 MoV R4.A CSTORE VALUE
i BR 192 N P2 ET FIFLE WHSK
e X 43 AL R F4
-~ 14 QR F@
313 14 74 CONT2 5 1UMP IF RIFLS NOT W XED
TR 1% A Fo ; ET FLAG INLICATING WRSK
LR X 19/ CONTz  REY i JETURN FROM <HBROUT I NE
7 1% TRB I f ; CRERT™ CORRLLT DIGIY FOR HIGH BYTE
47 143 S R +UT 14 HIGH BYTE
, HY 29 MOV RL-A
1438 2t AL OUTPUT
Cx bl RE?  ETUR | FROM UBROUT | NE
- §e am LOCSET. MOv Rt B16H ; SCII ESCAPE REF A ¥ MANLAL
o £ CL'SOR PO 1TIONIS)
v 3438 b g CRL o TPUT
B30 286 M0 R1.930M ; *SC11 EQUALS
v 3430 207 CAL oITRUT
o BIY 208 [, U R1-037H ; ON 2< OF FOM TERMI'AL
i 3430 29 CRL OUTRUT
B & 29 RE ;YETUR' FROM SUBROUT INE
i 1B 241 STRWT I, 3 ;ET T LOORTION OF TEXT BEGINNING
vy FB 212 "o AR3 RETRI /€ PAGE 3 ADDRECS OF
A3 ASCIT STRING
0-4

T e e v vt mee——cae s

DU WMWY e O WY Y WY W w v



|
! S1S-11 WS~46P1—41 MACRO ASSEMBLES, V' @ PAGE S
18 JAN 79
I e 8 S Q SOURCF. ST+ TEMEN!
. 6129 3 14 MOVIZ A.OR  GET - CII CHe <TER
i oA 3 13 mv LA
8128 439 13 AL WTRUT
.. 0D E2 n? DI RS, STROUT iHAVE £ L CHAR BEEN OuTPUT
i X 3 ug RET SRETU-N FROM S BROUTINE
b ere 5 n9 QUTFUT: DIS |
8131 387 220 MOV RLOTH ; SERIAL BIT COUNTER
: 6133 9 ” MOV  ARL  OET w:IT OMRACTER TO BE QUTFUT
1 34 90 b7/ AL FL000H ;PUT (LT STRART RIT
9136 AB4 3 MOV F2,004H ;SET UP DELAY L 0P LENGTH
: . 8138 44D ) CALL (LAY
; 4 8138 I 25100P1° OUTL  Ft.A  ;OUTPUT CURREN" BIT OF SERIAL ¢ 0E
: * 918 2% (3 f i GET NEXT BIT ' ¢ RSCIT CODE
, ] @130 @ 7 NP JWAIT 1 INSTRL: TION CYCLE T (r#PENSATE
{ N 2 ;FOR RR BEING ~ SINGLE CYCLE (¥ ERATION
‘ - 81D WeE P, MOV L0024 . SET UP DELAY LOOP LENGTH
| Wy 44D b} CRLL  [HiAY
; a4l 1 R 3 DINZ . LOOP! ; TEST FOR 7 BITS QUTPIL
! . 9143 M 32 ORL  FL08H PUT QU STOP RIT
, 145 £ #3 33 MOV F2,0830 SET UP DELAY LiOP LENGTH
. 3147 _ 4D 4 CALL ELAY
! A149 & 4( .5 JFo  'OINEN  [F IN SETUP St GMENT DONT ENHEI < INTERFIPTS
! . 14e ¢ . ¢ EN '
i Wé e .7 NOINEY  RET RETURY FROM < RROUTINE
' 4D £ ) (B DELAY DINZ  F2,DELA i VARTHLE DELAY DEPEM: G ON R
. LieF 8 9 RET RETUR4 FRON ' EROUTINE
vise € % O DELAYL MOV &1, 84500 i NESTF"» DELAY LOOP, 1  OX 1/4 HEC
‘ 1152 & FF 1 DLOOF. MOV +2.0@FFK ;
i v154 .40 42 ORLL (LAY
ol £ 42 3 DI -1, DLOOF
iy ¥ s 44 RET
i 1S b SPABIT: MV ~.R6 ; CURR. NT RIFLE NUNBEF
& VISR @ .46 0EC A ;CRER': POINTER FOR (O -UP TRBL
P | "% A Y MWW H.eR JGET €/TE MITH CORRECT AULSE BIT SET
; W 8. o4 REY
! i M50 B M VIR MV -1 00 ;LINE FEED
! VI 24 e CALL  NyTPUT
r Vig B 2 MV L 080H ; ORRR! “GE RETURN
| ! Ve 340 7 AL ATRUT
| aeh & 2 RET
1% 2. 2. CHECK QR i TINEK STARTING COUNT ¢ R TIMEC T
' ' Fal ; THE PF7CESSOR NILL PE INTERRU ED
! 2 ;1F TH 88/28 DOESN'T +ESPOND » ITHIN
g F 3 ;R SPEIFIED TIME.
‘ Dol e 2 MY A ;LORD ! [MER
5 . v R S r s} STRT ! ;START TIMER
| ¥ kY Sl 24 L00K JT4 K #UPL W-LL LOOK FOR PESI T UNTIL
| F 3 s TINEOU T HRS GCOURED
I. . \ 06 65 - STP  °NT  INTERH ®T WUST NOT OF LR
vind B 23 MV f1L0e ;GIVE £3/29 SUFFICIENT TIME T0
v ok BFF 24 L00PZ: MOV F> 0OFF¥ ;SEND T VOTRAX INIT!( I2ATION MORDS
’ R 25 CRLL  DFLAY
. v.i¢ Ewd P XN DNZ 1, LWZ
2004 Dol o INIBF  MINTR ; RESPO £ FROM 89/20°
VLo il > N A 08B BRING ‘N 88/29 DATH
) . D-5
R
TR e S TN A JO T

Lone b




15-11 M S-48AP1 41 MACRO ASSEMBLER, V> @
18 N9

v OB SEQ SOURCE STATEMENT
o177 DC %69 e f. R4
€178 C6::4 27 14 NEXTY
017 2314 n v A8 LOM FRL2
Wi7C S4n0 an Al FRIL
N7E 2424 273 i, 4 NEXTH
el 2.4 274 NOINTR MOV A, & LOW FAL3
"182 5 0 27 CALL  FAIL
%184 B- A 276 NEXTL: MOV P1, 4160
a7
1185 B F 278 LOOPY: WOV F2, 0OFFH
w188 3410 279 CRLL  DELRY
1188 - » 260 bINZ F1, LOOPY
e 8 281 RE7
4180 Ft 282 RIFLOP MOV H.Ré
A8t € A A
1160F 4,41 ORL A, $O1H
19 3 WL PLA
4192 Ft v f, R6
#1931 4, SHAP H
14 E A ]
4195 4 g8 R RS
N MV R4, R
M7 199 FALL PULBN
199 4 40 (L8 A, 8K
0198 34 . P2R
019 9148 ANL P2, MEH
w19E 3166 VAL HECK
nipd & PET

IN FIaRTH PAGE OF MEMORY

A LT P LR PEREPEFEE L

5 IF JDENTICAL RESULT IS ZERO
; THEN G0 ON WITH TEST

i INDICATE FRILURE
;GIVE 88/28 TIME TO SEND REMAINING
;PORTION OF MESSRGE

;RETRIEVE RIFLE NMBER

;CODE IN BITS 1,2, 83

;NO START BIT ON SERIAL OUT LINE
SSET P X

; GET CURRENT RIFLE

#PUT IN HIGH BYTE

; UPPER 3 BITS

; CREATE CORRECT RETUFN CODE

; TEMP STORE

;GET BYTE WITH CORRECT BIT SEY
;FOR RIFLE TRIGGER

;KEEP TARGEYT PRESENT OOWN
;RISING EDGE OF TRIGGER PULSE
;FALLING EDGE OF PULSE

; ORIVEw FOR RIFLE STWAATION AND ITS MESSAGES LOCATED

) THIS SEGMENT (F THE UPI-PROGRAM PROVIOES SIMALATED
; RIFLE DATA INFIT TO THE 88/20 COMPUTER [T CHECKS
i FOR THE PROPER PETURN BYTE TO THE UPI-41 FOR THE

i SIMULATED SHOT AND INDICATES FAILURES 8Y A MECSAGE
i TO THE CONSOLE  INITIALLY IT SIGNS ON AND PRONPTS
; THE USEF FOR THE HARDWARE MODIFICATIONS MECESSARY.

i IF A FRILURE (W CURS THE TEST WILL CONTINUE FND QUT-

318 PUTS 1 FAILURE MESSRGE FOR ERCH FAILURE OCCUPENCE

n; WHEN THE TEST S COMPLETE [T PROMPTS THE USER TO

312 ASK THE 98/28 FOR 1TS QUTPYT

3.

345

U3 THE PROLRAM 1S NON-INTERRUPT ORIVEN AND INSTEAD USES
36 ;  THE INTERRUPT FLAG T0 DETERMINE WMEN WALID DRIR IS FRESENT
kS v N THE 78/20 "ATA LINES. UPON ENTERING THE PUTINE

318 ; FLAG @ 1S SE1 SO THAT INTERRUPTS NILL NOT BE REENRBLED
319 ; WHEN THE OUTFIT ROUTINE IS CRLLED. IF TME 88/20 DOES
328 ; NOT RESPOND ' ALL TO AN INPUT BY THE UPI-41(INDICATED
3215 Y THE INTERF PT FLAG NEVER BEING SET) TME 41 TIMES
2 YT AN DG . THIS R A FAILURE AND OONTINUES THE TEST.
m ’

. D=6

C e — .
e - . AR A - MY S -
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151511 MCS-48/UP1- 11 MACR( ASSEMBLER, Y2 8

12 JAN 9

Loc 08J

6208

6298 €3
0201 €2
8202 @
4203 @

9204 b+
8205 n

8, 15

0

.~ e e

FHSEIEEEEREREY

Lo s e we wme wme s we el

2E5EY

342 ,
43
4
45
6 ;
47

48 ;
49 SHT 0D

W]
%
33 RIF N,

E AR 8

25

JEa oY)

PR A R

SOURLE STATEMENT

KESISTER BANK 1 1S USED FOR THE » UTIME AD IS P DIF INED
- FOLLOWS:

FISISTER @ UNUSLD

FEGISTER 1
FERISTER 2
P.GISTER 3
FEGISTER 4
FEGISTER
REGISTER «
RESISTER 7

QUTE? LOOP (€ DELAY CUANTER

INNEF LOOP OF DELAY £ NTER

DELAY COUNTER

EXPECTED RETRN DRTH FRTN 88/28

TEM STORAGE

S RIFLE LOOP COUNTER AND CURRENT RIF:E
16 SHOT POSSIBILITIES LOOP CUNTER

AND CIRRENT SMOT TYFE

T BOTT(M S LIN-S OF PORT TWO FUNCTION 1S THE RIFLE
TRIGGERS INSTEAD OF AS THE MASK INPUTS.

LI5E SIX OF PORT THD IS THE TARGE " PRESERT SIGNAL

PORT 4 LINES 4-7 SERVE S THE SHOT TYPE INPUT LINES FOR

oF; 5120

ar

23 9

015

?-20‘03:':~0;5;‘

8902 561

JHHILE P IS ALREHOY SET AT THIS POINT
i THIS AOD- A LITTLE CLARITY, THE POINY
i 15 THAT INTERRUPTS CRNNOT BE REENRBLED
;WHEN THE SERIAL OUTPUT ROUTINE IS ENTERED

iDISALLON FURTHEF' INTERRUFT REQUESTS

;OR INTEFPUPT FLHG SETS BY DESELECTING

;THE CHIP  TARGET FLAG DOWN AND TRIGGEFS DOMN,
iAND TRAR FRES CONTROL SET "OR UPT-41 CONTROL
+WHEN CHI: RESELICTED INTERRUPTS WILL

;BE CHECHED THROUGH THE INT. FLAG




7 ~1S-11 1CS~48A-[-41 NACRO RSSENBLER. V2 @

Ao JAN Y
1 W)
8246 5

8217 E91A
8219 439
828 450
821D (45D
62F 4%
6221 4%
6223 309
8225 8

0226 13

8227 1€

8223 427
822" 45D
QX 40
V7. 3K 1]
w238 8

231 £3

8232 &

8233 427
8235 4%
Q237 3450
w239 2458
0238 3450
823D 05

23k A0

1240 BEGS
1242 BF19

n244 S4CD
UAC TN 37 ]
nes: fE4Z
n 4 SR
vz4 OGS
w24t 3459
ﬁ;‘:" EB‘E
w2 98
nr BAFF
n'x 344D
ww BAFF
ne 144D
DR 1 )
weor BDER
Vv 3480

w4 EE62
wor. BBES
wer o 3456
nrn EDGS

SEQ SOURCE STATEMENT
365 EN TONT1
366
36’ ny RL MM
364 CALL  OUTRUT
363 CAL  DELAV1
n CALL CORF
3 (AL CORF
37 CALL CRF
373 v A8 LOA STGNON
374 v 3.A
375 W3 AM
376 v R6, A
377 (AL  STROUT
373 CALL CRF
3T CALL CRLF
383 "y A, & LOW PROMPT
381 oV R3. A
382 MVPI A
382 "y R6. A
384 CALL  STROU"
3% CALL CRLF
396 CALL  DELAY.
387 CALL  DELAY:
388 CALL DELAY!
389 TEST:  SEL RB1
399 L 8 P2, 90 H
391
392 RLOOPS: MOV R6, 89H
93
394 RLOGPL: MOV R7, 816
3195
39 RLOP2: CALL  SM.00F
397 DI R7.RLEOP2
398 oAC RGRL(OPL
399 ORL. P2, 4
409 v R3, 850
401 L0nF<. CALL DELAYL
402 b2 RZ, LOOF ¢
483 TOLATE: ANL Pz, 900w
44 [, 1] R2. 9OFF 4
45 CALL  DELAY
406 ORL AN
497 MOV Re'» 8OFF o
498 CALL  DELAY
499 oV ®6, 85
410 nov P<, §OFH
411 LOOF . CALL  FRIFLOF
412
a3
414
415 DINZ Fr, LOPC
416 nv P 850
417 100 CALL DELAY?
418 OINZ P LOEL
419 THRIuN. WOV L

PAGE &

> TINER INTERRUPT 1S USED RS R TIMEONT
;FOR SEARCH ROUTINES
i CLEAR THE CFT SCREEN & HOME +URSOR

;HLLON CRT TIME TO CLEAR

i SPRCE DOMN THREE LINES

i ADDRESS OF SIGN ON MESSRGE
+STORE STRING ADDRESS

;GET STRING LENGTH

;STORE STRING LEMGTH

i SEND STRENGTH

; CARRIAGE RETURN LINE FEED

; PROMPT MESSAGE
i STORE STF IN- ADDRESS

i

SWAIT FOR 86728 T0 TYPE OUT LETS START.

 REENRBLE CHIP SELECT AND PUT TARGET
i FLAG UP.

; INITIRLIZE RIFLE MMBER AND LNOP

; COUNTER FOR 5 TIMES THROUGH

i INITIRLIZE <HOT TYFE AND LOOP

i COUNTER FOP 16 TIMES THROUGH
;RIFLE SIMLATION SUBROUTINE

;AL DATR POSSIBILITIES DONE?

i DONE?

i TARGET PRESENT DOMN

iWRIT 4 SEC PEQUIRED BEFORE NEW TAR
:CAN APPEAR

+ TARGET PRESENT WP
+WAKE SURE ©3/20 SEES FLAG

» TARGET PRESENT DONN
GIVE 88/20 CHANCE TO RESPON

RIFLE COUNTER

iCODE FOR MIS5-TO0 LATE

» SUBROUTINE WHICH FIRES SHOT FOR CURPENT

iRIFLE, CHECK> FOR RESET TO ' XTERNAL FF,

i AND THECKS FR CORPECT MESCHGE SENT BRCK
iBY 63/29.

 DONE 7

;MAIT 1 SEC FFQ FOR NEM TAR APPERARANCE

«RIF € COUNT:R
D-8

tDuuwuu“Uuw&uuuuuwa




$1S-11 MCS-4 UPI- 4 MACRO ASSEMBLER, V2 0
' 18 JAN 79
LC 08J 99 SOURCE STRTEME NT
' 826E 3450 2 100P0. CALL DELA'Y
8273 908 A ML PLEM
2272 BAFF 723 WY RLMFFH
6274 44D 23 CALL  DALR
’ ¥2i6 3459 124 CAL PRBT
82,8 4360 125 ORL R #1110980¢ ¢
824 37 126 M A
f 828 3A 27 WL P2F
82.0 9981 18 ML PLIAH
8z, . ey 129 AL P2I®
L 3 a2ty 3450 139 CAL  DELFW
F 028 345 3 CAL DRIV
824 2 42 N RO
) 433
¥ nit ' BSR40 434 orL P2. 148K
* a2t " BBOE 435 MV R3.46D
8263 3459 436 LOOX  CAL  DELIMY
] %5 EBSY 437 DINZ  R3.100PK
¢ 0 + DY 438 INIB NI T
82t - FE 139 MY AR
") 821 E7 148 R A
4 8L 47 4 WP A
02<: 4380 “2 ORL A KCH
‘, 8269 AC “3 MV R4E
] 029 2 “4 N A DB
4 e O “s ML AR
6297 C6R1 “6 ir4 CON A
¢ 8299 231A “? MY A8 LON FRL2
4 A296 449F 448 e CONB
A2 2324 GO NOINT. MV A9 LOWFA3
A2 SAFD 450 CONTB. CALL  FRIL
!‘ M EEGE 451 CONTR. OINC  Re,100PD
S S 452 MIMOTR: WV R6. 15
N m “53 KN RS: ’W
’ W 348D 454 LOCPJ: CHLL  RIFLOP
L WY EER? 455 DAC  R6.100PS
L HE WATH 456 M FINS
457 ;
| o
‘59 ’
468 ;
' 461 ;
462 ;
43,
. 464 ;
VR €5 65 FAIL. SEL RE@
2E F “6 M R0
o 15 “? L RBt
. 8289 FE “3 My AR
%28t (5 4“3 L Ree
wiB2 €7 3 R A
' 783 43F9 . R AIFM
H5 D . WY RS,
' R3 4 mA  Re
. ' 87 R9 o WY RL

P 9

i TAVGET PRESENT UP
;61" 98728 TIME YO FSPOND

;T0E 3 BITS MUST BE 2RO AFTER CPL
;ALE EBUT ONE RIFLE WILL SHOOT
;R17.ING EDGE OF TRIGGERS

;W DATAR SET FOR HITS, NO START BIY
iFR LLING EDGE

;G17E 98/20 TIME TO SEND ALL MESSAGES
iCLAR IBF FLAG WHICH THE 99720 SENT 4

i P SES T0.

i TRGET PRESENT DOMN

;OE /Y OVER 1 SECOND SO THAT UPI WIiL BE
;CEPTAIN TO HAVE RECEIVED INTER P &

» IF NO INF PULSE INDICATE A FRILIRE

i GFY CURRENT RIFLE

;DFTAR IN BITS 3.2,1

i I8 BITS 7,6,5.

;C 1S ADDRESS OF "TRRGET IGHORED. *
;STRE

i INPUT DRYR

;1P RESWLT IS ZERO THEN BYTES IDENTICAL

;PREPARE TO CALL DRTA FRILUPE ROUT.

5 KIFLES
,CIDE FOR NO TRRGET

;S0 RIFLE IDENTIFIER TO (RT
i S1URE FRILURE TYFF

;G T CURRENT RIFLE
i, BY TMD TO ACCESS TWO { JCRTIONS AT £ TIME
iR (ESS P

;THMP STORE
+G T RIFLE 1DENTIFIFO

D-9

- Sl T A SO A, ) Mt

PR VO




§SIS-1. MCS43/UF[-41 PACRO ASSEMBLER, Y2 9

13 JAn 79
LoC 08)

2Bt 3430
o Fb
ot 17
8Bl A3
o0 A9
xe 3430
8219 B9
6202 3430
8 { FF
oA 5 AB
-
& . RE
a5 3427
8. R 345
8093
8 D FF
o . @
o F 37
8. @ 53¢
2 47
s b
4 fE
S E7
¢ 6 4
v 07 4381
n.9 39

T R XX

v UN FF
» o8B @7
vl A3
v D AD
v OE FE
AF 47
£e E7
X1 4
s X2 G
v £3 345

C £S5 A
L e 27
t A

A T4e-

SEQ

a3
476
a7
4%

88288882835

3235523838
g
$
585 FIEF4IIIAI SRAFIIEENAIGEA4333

$EERBELE R

SOURCE STHTEMENT

AL
ny
INC
OvP
hov
(AL
v
(AL

(ALL

LUTRUT
v RS
H

h 8
kLR
uyTPUT
L, 0020
QUTPUT
R R?
R3.A
A0
LY

f, 801+

A R7?
A8

®SR
AR

A RS
R¢, R
PULBIT

P2,R

P28

(Hecr

;REIRIEVE POINTER
s ACLESS NEXT LOCATION
;GET REST OF IDENTIFIER

i RSC 1T SPACE

;RETRIEVE FAILURE TYPE
;NOW SEND OUT FAILURE TYPE TO CRT

;GET SHOT TvPE

;SHOT DATA LINES HAYE INVERTING DRIVERS
;SHUT TYPE [ATA LINES ARE P1 4-7

; TEMP STORE

;GET CURRENT PIFLE

;OR SHOT TYPE & RIFLE & TOGETHER
;DON T SENI DUT A START 817

;SET UP SHUT DATA LINES AND

; INUTS TO THE MULTIPLEXER.

s RETRIEVE <HAT TYPE

;GET CORRECT RETURN CODE FOF COMPARTSON
; STORE

;GET CURRENT RIFLE

;PUT CODE IN UPPER 4 BITS

i UPPER 3 BITS

; (PEATE EXPECTED RETURN CODE

+ STORE

;GET FROM PAGE § A BYTE WHICH RILL
; HAYE THE CORRECT BIT SET FOR A

; TRIGGER PULL BY THIS RIFLE
;PISING EDGE OF PULSE

iFALLING EDGE OF PULSE. NOTE" THIS
;Y OR MY NOT BE THE CRSE IN REALITY
;FOR IF THE MASK SWITCH FOR THE CURRENY
sRIFLE IS ON, THEN THE ACTURL PULSE
;WILL ONLY BE THE MUCH SHORTER PULSE(Sen
iNSEC) THAT THE UP1 PROVIDES AS A FRST
» TURN ON FOR THE PORT BEFOPE THE SOK
-PULLUP TAKES EFFECT. HERE THE 58K
iPULLUP WILL NOT PROVIDE R HIGH OUTPYT
-DUE T0 THE X PULLDOMN AND THE QUTL

» INSRUCTION WOULD NOT BE NEEDED

-THE LOGIC "HIGH’ WILL ACTUALLY BE

« ABOUT 2 SV MHICH IS ACCEPTABLE TO THE 41

-~ ——,

3
3
3
3
3
)
d
b
b
»
)
b
3
3
3
b |
J
J
D

t

i
l

|
|
I
|




l* =11 1% >—48/UP1-41 MACRO RSSEMBL R, V2 @ PAGE

'LER 83

' . JAN 79
? ¥2
a
v.F2 521
n. F4 5232
1 @ F6 S33
6.F8 5234
eFA NS

f Sl ) ot ¢

by

CRL

. 6.00 04

v 81 4495353

. 9B 2128263
1,69 20:820¢8
v 80 o 2828
L 310 @8

vill 41494
b TN 3

310 4000249
v 1950
CHUN: +
Wi1B 4 20444
(8 L)
.

0:.1 4 4%/
M4y
¥ 9 4 M4ME
89 200028
TP, 2 2
U, n @

WL ST
w547
(ORI, 3yt T
(VNS -0
Wow n

LIV - RN
nove SI000m
[ IR P, 7 W
IRV 7, %,
@ ..

B.) 4434748
v 524947
B+ 4 HI200
e 212020

W W D S e Py e

¢

SEQ SOUR E STA EMENT

339 RET

338

332

933 ORG oM

334

933 08 °17, ‘R, 'R3 RAY, R

336
537
938
539 ;
48 ;
41,
42,

543 ; STRING DATH L'CATED 14 THIRD ~AGE OF MEMORY

M

S

46 0RG 681

47 D8 M 'NISS ’

548 b8 M. 'HIY

49 FALL: DB M, ‘F RES’

550 FAL2 DB a3 ‘F AT’

51 08 3 'LOw

35 FL3 D8 oM, 'F NT ’

bS] 08 M, /LOW ~TGHT ’
4 p8 M, ‘RI HY ’
439 ] 180, ‘HIH RILHT

LT

EPWR Tl

“ma et




i>15-11 M 48/UP1-41 MACRO ASSEMBLER, V2.9 PAGE 12
18 JW 79

LoC 08J SEQ SOURCE STATEMENT

360 04 356 08 H ‘HIGH
1361 484 ‘4748
"365 202,820
u369 2017920
w36D 28 4.9
0378 89 557 08 9, ‘HI(H LEFT ‘
8371 48444748
0375 20\ <6
w379 5420, 820
U370 28149
a388 o4 558 08 4N, ‘LEFT !
€381 4C4 4654
1385 2821920
w389 261,629
v380 2004:9
«u3%9 88 559 8 84, “LOM LEFT ’
w391 4Cet 4728
1395 4044654
W399 201,920
1390 2849
3R 80 568 2} 120, ‘#155-T00 LATE *
U3RY 40444353
W3RG 2D 44F4F
WIR9 2047 1454
"3@ 45;. 81.)0
wibe 09 561 8 9, ‘N0 TRRGEY ‘
3B 41 954
W38 44% 1245
1389 54,4 820
wiBD 26.0.9
W3CH 6E 562 DB 140, ‘T RGET 1 NORED “
H3L1 5415247
4305 45 42049
4309 471 F92
43(D 451:28
1308 oF 963 SIGNON. DB 15D, ‘F IALE SIMULATOR’
1201 524 4640
1305 45, 3349
1309 400 4C41
130D S+ 32
WiE8 OF 564 PHOMPT: DB 150, ‘< TRAP IN PLACE?’
WIEL 53'4024
“3ES 58 v494E
#2E9 20 waC4l
W3ED 434°3F
uiFe oF 55 (ANE: DB 150, © TEST CCMPLETE’
tF1 20 M5
W3FS 5. 42043
1 F9 4F 309040
w3FD 45° W45
566 END

DWW W WYY oo @ @ 0 e e w w e v

MK SIS
mOK 815 CONT 9833 CONTL @07 (MT2 0113 CONTR &R1  CONTE O29F  CNTH @@3E  (RF 1
W BY @ 0 OELAVI 6199 DLOOP @170 [*OE  @3F9  ESORPE 9855  EXTINT 0083  FRIL 620 FALL @314 D

D-12

- -
v

YN > - K e i——

———— - - C ——— - - - . e —
— e C—-




1St -1 NCS—48 'UPI-41 MACRO RSSEMR ‘R, V2 PGE 13
18 1N 79
l FA® MR FAL3 @324  FINI* 0878  HERT 098 INIT @86F  INROUT @856  LOCSET @14 L0 9169
LOrl #13R  LOOPC @62 LOOPL 6266  LOOF! @2A7  LOOPK @287  LOOPL @268  LOOPX 624  LOWY O18€
: L2 w166 MRSK 8185 MIND 5 2R3  MOKIAT 9180  NEXTI 0184  NOINEN 914C .NOINT 824  NGINTR 9199
00 +UT 4130 PROMPT @2€@  PULE 1 8159  QUE'UL 0862  RIFLOP #8"  RIFSIN 8218  RLNOPY 824,  RLOF2 0244
RLIVE 0240  SHTCOD 8200  SIGM W @300 L P @2(D  START @80  STROUT @127 TRE  B114  TARIGN 8260
. T 83D TIINT @e6R  TIN T 0987  TOLITE 8252  WAIT @82,
L
- My . BLY COMPLETE,  NO ERRORS
.
i
-
‘
4
&
' D-13
. i eswiiiitriras v

r

Fobpre
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L
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APPENDIX E
SELF CHECK PROGRAM




.
- S S S S L O Se . f

—LOCHTE .F1:TST TMF 130 -1 Ts7¥ SYMEALS L INES MAF PRINTY F1 TST FRT

GO W O GF OF OGP WP ¥F e e e Be e WS W W W w
-

SYMBOL TRABLE OF MODVILE T57
READ FROM FILE F1:7ST T4
WRITTEN TO FILE Fi TST

VALUE TYPE SyMBOL

MOD TESTMUDULE
C1BFH SYM MEMOFY
C@d1H Sym TEST
CoY1H LIN 14
CedlH LIN 1%
CodaH LIN 1r.
Caa7vH LIN i-
CoerH LIN 13
caol-H LIN 13
Co16H LIN 20
Co134 LIN 21

MOD TESTPROCMODULE
C1BF+ SYM  MEMORY
CovaH SYM TSTCHECK
19904 SYM N
Ce1eH SYM  DONE
co1eHd SYM  LEDON
Z981H SYM K
CozeH SYM  FRIL
I99cH SYM J
I98-H SYMm  I0DATH
Cas(H SvyM  IOTEST
C@ldH SYM  LOWL IMIT
CaleN SYM HIGHLIMIT
Sa944 SYM INITIALTIME
398cH SYM FINALTIME
399:tH SYM ELAPZEDTIME
299rH SYM 1
CaDl'H SYM  TIMEPTEST
C13¢H SYM USARTTEST
CelsH LIN 41
valsMH LIN L 75
LO1EH LIN 4z
CalcH LIN 44
COLFH LIN 4%
Ce20H LIN 47
€824 LIN 4%
CO3ZH LIN el
CadiH LIN S1
Cod4H LIN S2
Co4H LIN =3
Co5LH LIN 53
Co5FH LIN S5
Cac4H LIN S5
CoeB8H LIN =0
cCav2H LIN o3
CoatoH LIN &9
COESH LIN 2]
CoeCH LIN el
CosDH LIN t3
CozDH LIN .7
Lo>oH LIN i
CO~4H LIN "9
CO“IH LIN 4
COSEH LINMN 71
COAZH LIN 72
Cor7H LIN 2

’

E-1




[ R Y 11 )
cot 11 L.IN 7

Cot:sH L IN o

coetAH LLIN rd
COt:FH LIN ’8
con 4K LLIN 79
coSH LIN 30
CouDH LLIN 31
Coi2H LLIN 32
can?H LLIN 32
cecH LIN 25
calbH LIN NI
CApOH LIN =1
ke LIN -2
CoESH LIN K
toEEH LIN 24
Lk EH LIN 95
COFEHM LIN 96
CivSH LLIN 97
V1uEM L IN 98
CIUTH LI 99
L1211 LIN 199

LlaeH LIN 121

1. 24 LIN 102
C12,H LIN 102
L1 eH LIN 196
L1lizH LIN 197
L1xbH LIN 19&
ldeiH LLIN 109
114=H LIN 1108
L1434 LIN 111
1dH LLN 112
L151H LIN 112
L imEH LIN 114
dedaH LIM 115

MOl FAHMTST
VlesH SYM LOUP
o LmaH SYM LIDUPA
v 1OPH SYM RAMFAL
LledH SYM FPAMTST

MO RIOMTST
LIH®H SYM CUNTZ
) 1wdid SYM LA
Cl=EH SYM FOnTST

MoD  SELTIM
e SYM LOOPR
LiesH SyM LOOPB
Tk S SECTIM

M FORY MAE OF MODLE TST

FEML FROM FILE F1 TST THMP

ik LTTEN T FILE FL:TST

thwadle STRET ADDRESS BAZEH

RN ] S1cfF LENGTH REL NARME
Linntt C@=0H s0H A ABRSOLUTE
veecbds CAREH 12 A ARBSOLUTE

E-2

-

DY YUY Y YUY Y W e



P M-Z5 CORPIL X - PN

15(S-11 PLA-t. V3.4 COMPI ATION OF MOC LE TES 40DWLE

OF JECT MODULE F_ACED IN -F1 TESTR ORJ
(' MPILER INVOKED BY: PLWE+ 'F14 TESTER - LM DEE -3 IXREF OATE ({2 OCT 72"

's THIS TEST +ROGRAM RS WR" TTEN BY TOM RIORDAN.  1T< FINCTION
IS T0 ACT vS THE {IVER fOR THE ~ST PROCEDURES RS CALLED ¢/

T B S 0 5 o =

PRI ENC TESTSMOULE:

(i 1 TESTRMODULE  NO;
1 RAMT ST PROCETURE EXTERNF: .
. .2 END RANMTST:
i 41 ROWY 5T PROCEDURE EXTERNA: .
; 5 2 END ROMTST,
1 6 1 1087:ST: PROCEDURE EXTERN'L;
| 72 EN 10STEST.
! 8 1 TIMEAMTEST- PPOCEMRE EXT RNAL;
| 3 2 ENC TIMERS £ST;
10 1 USRE TSTEST  PROCE[URE EXT-RNAL,
; v 2 £ USARYS TEST;
i 12 1 DOW  PROCEMURE £ TERNAL:
132 M - DONE,
JE TEC  PROCEIYRE FRLIC;
15 o CRLL RANTST;
2 16 . CRLL ROMTST;
¢ 17 2 CALL 10STEST,
1® 2 CALL TIMERSTE-T,
19 2 CALL USARTSTE-T;
’ % 2 CALL DONE;
2 2 EN TEST;

AORE INFOLMRTION:

1€ AREA SIZE = 81 10
VRIARLE ARER SIZE = 086N 0
meRImm STACK SIZE = @ b
<4 LI'ES RERD

@ PRORAN ERPOR(S)

LND OF PL, 80 COMPILRTION
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1SIS-1I LM 88 V3. CONPILATION (F MODWL TESTPRY MODULE
OBJECT MODUY ' PLACE: IN :FL TSTPR 0BJ
COMPILER IN «ED BY PLMB) [FL:T: TPRC.PLt IXREF [-BUG D-TE (5 J'u 79)

TESTSPRICSMODULE : OO

DECLARE TSTCHECK BYT: PUBLIT AT (OCH“H) DrTA(L);
$NOL 151

DECLHRE N BYTE:
DECL+RE WORD LITERALLY ‘ADDRESS';

DECLARE DONTORRE LITERALLY '98M’, FIIREVER LITERALLY ‘MMILE 1',
OIRBMOSTICOLED LITEFALLY ‘& 6H’;
Dz PROCEDURE PUBLIC:
LEDSILN:
DO FOREVER; !
QUTPUT(DI+GNOSTT! SsLED)=(" NTSCRRE .
tND LEDSON
t'w DONE:

Dt LARE 1. BYTE,
FhiL PROCEDURE(J) PURLIC:
DE. ARE J BYTES
W K=1 10 J;
b0 N1 10 16;
QUTPUT(DIACNOST 1C 5LED)={* INTCRRE
CALL SBCTIM(16);
- ND;
DO N1 TO 49;
CALL SBCY(m(12% .
Ew’
END:
g N TO 98;
CALL SBCTIM(.5); /¢ &AIT 2 ECOND* THEN 10 ON WITH TEST ¢/
END;
EHD FAIY;

DL OLARE TOSFAIL LITERALLY ‘37, /% 3 FLR HES FO¢ AN 1/0 FAILURE «/
DLCLARE PORTL LITERALLY ‘GE4H . PORT2 LITRALY EW’,
PORT3 LITERALLY ‘GE6H . PORT- LITRALLY ‘@BMN‘;
Ot LARE [0DATR BYTE;
10$TEST  PROCEDLRE PUBLIC:
fur
CALL PORTSSET. /¢ SET UP 10 PORTS 142 AS TNPUTS 386 AS OUTPUTS s/

QUTPUT(PORT>=08; /¢ PORT 3 WILL INVERT OUTPUT THEN PORT 4 WILL REINVERT IT o/
100ATA=INPUT (PORT1 );
IF 10DATROAM THEN

CALL FRIL (JOSFRIL);

QUTPUT(PORT )=BFFH.

100ATH=INPUT(PORT1);
IF TODATACOIFFH THEN

E-4
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' e I CALL JILCIOSFAIL".
7% 3 WIPUTCH RT6)=08H, /- PORT + INVERTS QUTPUT BUT POKT - WILL NOT RINVERT s/
l n o3 LODATA= I NPYT (PORT2);
I IF 10DATHOBFFH THEN
2 CALL AILCIOSFRIL - '
t @ 3 WTPUT (FORTE)=0FFH;
3 3 10DATA=INPUT (PORT 2),
2 3 IF J0DATROBH THEN
I 83 i CALL FRAILCCOSFRIL -
4 3 END;
« 52 END I0S$TES':
1 6 1 DECLFRE LOWSLINIT 1ORD DR 'AC168) HIGHSLINIT MORD DATA(:98);
a7 1 DECLFRE TIMERSFAIL:LOM LI ERALLY ‘4’, TIMERSFRILOMIGH LITERALLY S';
4 38 1 DECLAZE CINITIALTIE. FINAL TIME, Ei APSEDTIME) WORD;
& 39 1 DECLAE 1 BVTE:
% 1 TIMERSTEST PROCEL RE PUB! IC;
p 9 2 CA L TIMRSSTAF ', /o START TI €RS 8 AM) 1 &/
i R» 2 CA.L SBCTIM(ZS¢ /% CIVE TIER VIME TO BEGIN FUNCTIONING */
- n o2 INITIRLSTINE = LOCKREFD;
) u 2 0 11 T0 49; ‘¢ WAIT FOR G £ SECOND »/
5 3 CALL SBCTIN 250);
. v 3 ND;
72 FINALTINE=CLO VREAD:;
. B 2 FLAPSEDTINE = INITIALTINE - FINALTIME. /e COUNTERS <RE DOMN COUNTERS #/
B 2 (F ELAPSEDTIM < LOMSLINIT T4EN
19 2 CALL FAIL¢ TIMERSFRILSLON) .

'F ELAPSEDTIME > HIGHSLINIT THEN
CALL FAIL/ ' IMERSFFILIMIGH »;

—
=X
LX)

2

~

END IMERSTEST;

14
(]
1o

DECLA € USARTSFAIL _ITERAL'Y ‘6.
DECLAE USARTSSTAT -~ LITERFILY “+<DH’, USARTSDATA LITEPAL! ¢ ‘GECH’;
USARTSTEST: PROCED'“€ PUBL! ..
ORL: YOTRAXSTINE.
CAL: SBCTIN(168). .'s MAKE CERTA.N TIMER HAS STARTED =/
CAL. VOTRRXSSET, '« SET {540 RFIE AND BiT PATTERN w/
CRL. SBCTIM(108) -/« MAXE CERTF'N USART HAS COMPLETED INTERNAL SETUP o/
OUT! UTCUSARTSDATA)=10101¢108; /+ SEND O1'T TEST PATTERN «/
NP (AL SBCTIM(2R): /e WAIT APPROX 1 @4 MSEC=DUSART SHOWLD BE (/NE #/
s N.B THIS MUST BE LNG ENOUGH EVEN WITHOUT NRIT STATES #/
1 ‘ IF 1T SHRCINPUT. ISRRTSS TUS), o» THEN
4 . (ALL FRILCUSAS TSFAIL)
: END UISARTSTEST; v

= ra v g
'
P RU R R RS e e e

- & L .

BT ENG TESTS- ROCSMOD 4 €.

M 4AE [NF FRTION

rOE #ER SITE Al 2230

G OO U S0 P e s e e
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VAPIROLE ARERA SIZE = »@8BH
WXIM I STACK SIZE = 11904H
138 | INES REFD

@ PRYRAN ERROR(S)
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RSNB8 |1 RAMTST SRC DEt UG MACRFILE "ITLEC‘1 OCT 78>

1SIS-1° 9088/88%35 MACRC RSSEYBLER, V2 9
11 007 '8

L '8l SEQ SOURCE <TATEME:.T
1 NFE RIS
¢ STAN o
? EXTRN  DONE
4 PUBLI. RAMTC”
S
£ CSEG
98 111 T RANTST- POP D
¢
a
1e
@ MoNFs 11 X1 B, OF: M
1o
17
o+ 216038 14 LXI H, 3Ein ¢
o . ¥ 15 LOOP: YRR A
o 07 1% nov MA
o S 17 wy AN
oy 37 12 ORR f
o 21Fe8 C 19 N RAMFA
o ¥ 28 B,
o 77 21 L MA
vh'y t 22 MV AN
"M N IR A
8 2 L21E88 (24 N RAMFH
523 25 INX H
%0 & 83 2% INX B
W /78 27 MoV A.B
o - 87 23 ORR A
- 02008 C 29 me LOOP
o 05 ks’ PSR D
. (9 3t RET
64, D306 32 PAMFAL: QUT 6K
0. BIESFD 23 LXI 8659
. & 24 LOOPA:; DCX B
(O ] 39 NOP
% 73 ko v B
e 87 kS A A
9 C22x@ ¢ 3 INZ LOOPH
o - (30000 E 3 b, DONE
“ END
fub . SymeILs
WG LT 99
EaTt e SYMBILS
i - 0009
1S vHBOLS
'MW t0BBR LOOP C 9907 LOWA C a3

S Y COMPLETE,  NO ERRORS

RAMTST  PaE 1

+GET RETURN RDDRESS THAT WF 5 PUSHE!
iBY THE CALL AND SAVE 1T I THE D&
;REG PAIR T WILL BE VALID IF RAr

i 1S OKRY, AND UNUSED OTHERWISE

+ INCREMENTING THIS VRLUE AND CHECKING
iFOR OVERFLON NILL INDICATE WHEN TEST
+ 1S FINISHED.

:START OF RAM

i STORE @8H AT LOCATION

;RERD 9@ FROM SAME LOCRTION?

i SET FLAGS

i IF 88 NOT READ BACK R#P 10 FAILUE ROUTINF
i IF PASSES THEN ACCUM=FFH

i STORE FFH AT LOCATION

+ PEAD FFH FROM SAME LOCATI(N?

i IF FFH READ BACK ACCUM=00

i IF FFH NOT READ BACK JUMP TO FAIL RPOUT
; RODRESS NEXT MEMORY LOCRTION

i CHECK FOR TEST COMPLETE

;PUT RETURN RDDFFSS BRACK ON STRCX.

;FLASH LED 1 TIM TO INDICATE RAM FAILURE
 DELAY APPRIXIMAELY £ SEC THEN JUM 70
DONE ROUTINE.  "HIS IS DONE BECRUSE THE
iPEST OF THE TESTS CANNOT BE RUN PELIRBLY
;UNLESS THE RAM 'S WORKING PROPERLY

B

RANT:T ¢ 900A

RANFAL C GB1E
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ASMBY -F1-RONTST. SR° DEBUG MACRCFILE TITLEC'18 )11 79%)

"‘*ﬂﬂﬁﬁﬂlﬁividdﬁddvuu

o

1SIS 11 9882/8085 MACRO ASSEMBLER, V2 0 JUNTST  PRGE 1
18 IN 79
e o) £Q SQAURCE ST+ TEMENT
1 NIE L MTST
2 STAN 4
3 EXTRN  FAIL
4 PUBLIC +OMTST
S
é (SEG
7
N W9 2108 8 RONTST LXI 1@ i START OF PROGRAM ROM
' & 3 110600 9 Lxt -, 00809 ;START OF TEST ROW
! o -~ BE6 108 LOOPR:  MVI 2 ;2 FLASHES INDICRTES ROM FAILURE
| # 7 13 v ; READ PROGRFM RON
‘ o3 47 12 v %A ; SAVE BYTE
v EB 13 %CHG
1 e TE 14 nov I | ;READ TEST ROM
} oav PR 15 oe 3 B
| o (R1BB € 16 2 LONT2 i IF ROB THEN FAILLRE HAS OCCIIED
e FS 1?7 PUSH  POM
Ot (5 18 PUSH B
> AP L 19 PUSH O
™ ES K] PUSH H
‘ 110008 E 2 CAL  FAIL
[ RN T » PP H
et 3 POP )
ey (1 4 POP 8
wi F1 % POP PN
@k 42 26 CONT”  INX 0 s NEXT ROM LOCATIONS
. ST P14 I A
Wil A 2 mv  ADd
a1t EB P} XOHG
o+ FE16 k) Pl 14K : 1S TEST COMPLETE?
& 17208 C A N LaPA
R R RET
3 END
POk o SYMBILS
1 PEN
Er - vl SYMBOLS
M F oMM
S S YMBILS
‘. CaMB FAIL E08e LOOPA C 093  ROMTST C 6008
foiivay COMPETE, N ERRORS
E-8
! .
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PR YT

W P TP WP M Bp PP S St St e R S0 S S e e -

w M8@ F1-SBrTIM SRC DET G MACRY- ILE TI1 E¢22 oCT 787

15:5~11 s090/70F : MACRO WSEMBLE- V2 v SBCTIn
2T 7R
L O SEQ S JRCE STRATEMENT
1 € SBCTIN
2 <KLN oW
3 FeLIC SBCTt
4
b} { EG
L3R 6 SETIN M| 8. 18
w78 27L00P8: 0 AB
v 173 8 LOOPA [ & A
toM(283m € 9 1?2 LNOPA
w 17 8D 10 LR c
we (202w 1 12 L P8
wadg C9 12 T
12 ED

AUBLIC SYMBOLS
SBCTIM C 0909

“TEPNAL SYMBOLS
EF SYMBOLS
ONFH C 6A83  LOOPB C @2  BCTIM ¢ 11908

CISEMBLY COMPLET., NO ERROFS

o A Do A SPIeT AM r wky K e (A er et e SRR " e
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